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Methods for R gulating Nic tin Metabolism 



OF THF invention 

The invention relates to methods for regulating nicotine metabolism 
5 in an individual; compositions for regulating nicotine metabolism in an 
individual; and methods of treating conditions requiring regulation of 
nicotine metabolism in an individual, 
ft A CK^ ROUNP o l? TWF INVENTION 

Nicotine is the primary alkaloid present in tobacco playing a crucial 
10 role in establishing and maintaining tobacco dependence. Several studies have 
shown that smokers adjust their smoking behaviour to try and maintain 
constant nicotine blood levels, and hence brain nicotine levels. Studies using 
different nicotine yield cigarettes (Finnegan et al., 1945), nicotine replacement 
therapy [Lucchesi et al. (intravenous infusion), 1967; Jarvik et ah, 1970 
15 (ingestion); Kaslowski et al., 1975; Russell et al., 1976; Ebert et el, 1984 (nicotine 
chewing gum); Levin et al., 1994 (nicotine patches)], nicotine blockade 
(Stolennan et al., 19731 Nemeth-Coslett et al., 1986; Rose et al, 1994), and 
alteration of urinary pH (Benowitz et al., 1983; 1985; Rosenburg et al., 1980), 
showed that nicotine intake can be regulated to avoid exceeding the blood 
20 nicotine concentration of typical smoking levels. The studies provide clear 
evidence that smoking behaviour is modified in smokers to regulate nicotine 
blood levels. Therefore, changes in nicotine clearance from the body, such as 
metabolic changes, can have a significant impact on smoking behaviour. 

Nicotine and its metabolites liave been extensively studied over the 
25 past few decades. Nicotine is, for the most part, metabolized in the liver (80%), 
and to a smaller extent in the lungs and kidneys (Schislvelbein, 1982; Turner, 
1975). The major metabolite of nicotine is cotinine (Benowitz et al., 1994). 
Nicotine is primarily metabolized to cotinine through a two step process 
(Figure 1). The first step in the process produces the intermediate, nicotine-A- 
30 r»'> imminium ion (Peterson and Castagnoii, 1988, Williams et «L, 1990), 
which i« then further oxidized through a cytosolic aldehyde oxidase reaction 
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metabolism, and in particular substantially decrease nicotine metabolism, 
thereby affecting tobacco use. 

Broadly stated the present invention relates to a method of 
regulating nicotine metabolism in an individual comprising selectively 

5 inhibiting CYP2A6. Inhibition of CYP2A6 may be achieved using one or more 
of the following (i) substances which inhibit CYP2A6 activity; or (ii) substances 
which inhibit transcription and/or translation of the gene encoding CYP2A6. 
CYP2A6 may also be selectively inhibited by interfering with the transcription 
or translation of the gene encoding CYP2A6 using gene transfer methods. 

10 The present invention also provides a method of screening for a 

substance that regulates nicotine metabolism to cotinine in an individual 
comprising assaying foi a substance which selectively (i) inhibits CYP2A6 
activity; or (ii) inhibits transcription and/or translation of the gene encoding 
CYP2A6. 

15 The invention further provides a pharmaceutical composition for 

use in treating a condition requiring regulation of nicotine metabolism to 
cotinine comprising an effective amount of a substance which selectively 
inhibits CYP2A6, and/or a pharmaceutical^ acceptable carrier, dUuent, or 
excipicnt. A method is also provided for treating a condition requiring 

20 regulation of nicotine metabolism to cotinine in an individual comprising 
administering to the individual an effective amount of a substance which 
selectively inhibits CYP2A6. 

CPY2B6 inhibitors may also be used in combination with inhibitors 
of CPY2A6 to provide an enhanced inhibitory effect. Therefore, the present 

25 invention provides a method for enhancing inhibition of nicotine 
metabolism by a CYP2A6 inhibitor in an individual comprising administering 
to the individual an effective amount of a substance which selectively inhibits 
CYP2A6, and an effective amount of an inhibitor of CPY2B6. A 
pharmaceutical composition for use in treating a condition requiring 

30 regulation of nicotine metabolism to cotinine is also provided comprising an 
effective amount of a substance which selectively inhibits CYP2A6, an 
effective amount of an inhibitor of CPY2B6, and/or a pharmaceutically 
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acceptable carrier, diluent, or excipient Further, a method for treating a 
condition requiring regulation of nicotine metabolism to cotinine in an 
individual is provided comprising administering to the individual an 
effective amount of a substance which selectively inhibits CYP2A6. and an 
5 effective amount of an inhibitor of CPY2B6. 

The pharmaceutical compositions and methods may be used to 
diminish a subjects desire for nicotine and thereby can be used to alter tobacco 

use. . 

Other objects, features and advantages of the present invention will 

10 become apparent from the following detailed description. It should be 
understood, however, that the detailed description and the specific examples 
while Indicating preferred embodiments of the invention are given by way of 
illustration only, since variou* change, and modifications within the spirit 
and scope of the invention will become apparent to those skilled in the art 

15 from this detailed description. 

pC c/- mr rrr>M nFTHF PR AWINGS 

The invention will be better understood with reference to the 

drawings in which: 

Figure 1 shows the two step conversion of nicotine to cotinine; 
20 Figure 2A shows the amino acid and nucleotide sequence for 

cytochrome CYP2A6; 

Figure 2B shows the mRNA sequence for cytochrome CYP2B6; 

Figure 3 shows the protein-time curves of cotinine production from 
100 HM nicotine in the presence of 20 ul rat cytosol by K20 human 

25 microsomes; 

Figure 4 shows sample Michaelis-Menten curves, wuh inset Eddie- 

Hofstee plots, of nicotine to cotinine metabolism where (A) is a graph 
displaying single enzyme kinetics for the U9 human liver and (B) displays 
multiple enzyme site kinetics for the 130 human liver; 
30 Figure 5 is a bar graph showing apparent K m values of nicotine to 

cotinine metabolism by 30 human liver microsomes; 
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Figure 6 is a bar graph showing apparent V w , values of nicotine to 
cotinine meUbolism by 30 human liver microsomes; 

Figure 7 shows antibody activity (Gentest Corp.); where (A) is a graph 
of inhibition of coumarin oxidation by MAB-2A6 antibody and (B) is a graph 
5 of inhibition of testosterone 16p-hydroxylation (CYP2B1), and lidocaine 
methyl-hydroxylation (CYP2B2) by anti-CYP2Bl antibody; 

Figure 8 shows Western blots of increasing concentrations of L64 
microsomal protein (above) with respective densities plotted to show linearity 
of analysis (below); 

10 Figure 9 is a bar graph showing coumarin (150 uM) inhibition of 

cotinine formation by 30 human liver microsomes; 

Figure 10 is a bar graph showing percent inhibition of nicotine (100 
uM) to cotinine metabolism by 150 uM coumarin by 30 human liver 
microsomes; 

15 Figure 11 is a Dixon plot of coumarin inhibition of cotinine 

formation by K27 liver microsomes; 

Figure 12 is a bar graph showing the effects of 10 uM and 100 uM 
concentrations of coumarin analogs on inhibiting cotinine formation by K27 
human liver microsomes; 
20 Figure 13 is a graph showing the effects of MAB-2A6 on nicotine (100 

uM) to cotinine metabolism by K27 human liver microsomes; 

Figure 14 shows Western blots of 30 human liver microsomes; each 
blot is accompanied by a 15. 30. 75 and 100 ug lanes of L64 microsomal protein 
such that individual blots can be compared; 
25 Figure 15 is a graph showing the correlation between nicotine to 

cotinine V m „ values and the amount of immunoreactive CYF2A6 by 30 
human livers; 

Figure 16 is a graph showing the correlation between CYP2A6 
mediated cotinine formation and the amount of immunoreactive CYP2A6 by 
30 30 human livers; 
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Figure 17 is a graph showing the correlation between nicotine to 
cotinine V^/Km values and the am unt of immunoreactive CYP2A6 by 30 
human livers; 

Figure 18 is a bar graph showing orphenadrine (150 uM) inhibition of 
cotinine formation by 30 human liver microsomes; 

Figure 19 is a bar graph showing the percent inhibition of cotinine 
formation by orphenadrine (150 uM) using 30 human liver microsomes; 

Figure 20 is a graph showing the effects of anti-rat CYP2B1 on 
cotinine formation by K27 human liver microsomes; 

Figure 21 is a bar graph showing coumarin and orphenadrine (150 
\iM each) inhibition on nicotine metabolism by 30 human liver microsomes; 
and 

Figure 22 is a bar graph showing trolenadomycin (150 uM) inhibition 
of cotinine formation by 30 human liver microsomes; and 

Figure 23 shows chemical structures of some representee CYP2A6 
inhibitors. 

r>FTAHEP pr<:raipnoN OF THE INVENTION 

1. Method of Regulating Nicotine Metabolism in a Subject 

As hereinbefore mentioned, the present invention relates to a 
method of regulating nicotine metabolism to cotinine in an individual 
comprising selectively inhibiting CYP2A6. Inhibition of CYP2A6 may be 
achieved using one or more of the following (i) substances which inhibit 
CYP2A6 activity; or (ii) substances which inhibit transcription and /or 
translation of the gene encoding CYP2A6. 

Substances which inhibit CFY2A6 activity include substances which 
specifically bind to CYF2A6 and thereby inhibit its activity. Examples of such 
substances Include antibodies which are specific for CPY2A6 including for 
example, the monoclonal antibody described by Pearce, R., et at 1992., and 
commercially available antibodies such as MAB2A6 and anti-rat CYF2E1 sold 
by Gentcst Corporation, Woburn, Mass., US.A., (Catalogue Nos. A112, A106, 
and 219221, respectively); and XenoTech 2A6 sold by XenoTech LLC, Kansas 
City, KS,U.S.A. 
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Substances which inhibit CYP2A6 activity also include substances 
having a lactone structure with a carbonyl oxygen. Examples f sucn 
substances include coumarin (The Merck Index. Eleventh Edition Budavari. 
S., ed. Merck at C . Inc. 1989, N . 2563), furanocoumarin. 
5 blshydroxycoumarin, methoxsalen (The Merck Index, No. 5911). imperatorin 
(The Merck Index, No. 4839), psoralen (The Merck Index. No. 7944), a- 
naphthoflavone, isopimpinelUn, B-naphthoflavone, bergapten (The Merck 
Index, No. 1173), sphondin, coumatetralyl (racumin), and (*)^s-3,5-dimethyl- 
2K3-pyrldyl)-*iMoudim-4-one < SM12502) (Nunoy*' «* IPET 277:76d " 774 ' 
10 1996). See Figure 23 for the chemical structures of some representative 
inhibitors. Derivatives and analogs of these substances may also be used in 
the methods and compositions of the invention. By way of example, 
derivatives of coumarin Include pharmaceutical^ acceptable salts, esters and 
complexes of coumarin including potassium and sodium salts, and amino 
15 acid, carbohydrate and fatty acid complexes. Suitable analogs of coumarin way 
be selected based upon their functional similarity to coumarin. including the 
ability to inhibit the metabolism of nicotine to cotinine by CYP2A6 with 
greater than 50% Inhibition, and/or a Ki less than 300 uM. Examples of 
functional analogs of coumarin include 7-methoxycoumarin, 7- 
20 methylcoumarin. and 7-ethoxycoumarin. Analogs of coumarin may also be 
selected based upon their three dimensional structural similarity to coumarin 
i.e. the lactone/carbonyl structure. 

Other substances which inhibit CPY2A6 and can be used in the 
methods and compositions of the invention include diethyldithiocarbamato, 
25 nicotine and analogs and derivatives thereof. N-nirrosodialkylamine. 
diethylnitrosamine, nitropyrene, menadione (The Merck Index. No. 5714). 
imidazole antimycotics. miconazole (The Merck Index, No. 6101). clotrimazole 
(The Merck Index, No. 2412). psoralen (The Merck Index. No. 7944). 
pilocarpine (The Merck Index, No. 7395). and non-toxic analogs and 
30 derivatives of hexamethylphosphoramide. 4-methylnitrosamme-3- P yridyl-l- 
b .tanoL anatoxin B (The Merck Index. No. 168). N-nirro5odiethylamine (The 
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Merck Index, No. 6557), and N-nitrosodimethylamine (The Merck Index, No. 
6558),. 

Substances which inhibit CYP2A6 activity may also be identified 
using the screening methods described herein. 
5 Substances which inhibit transcription and/or translation of the gene 

encoding CYP2A6 include a nucleic add sequence encoding the CYP2A6 gene 
(see Figure 2A, GenBank Accession No. HSU22027) or parts thereof (e.g. the 
region which is about 20 nucleotides on eithci side of nucleotide 790 (ATG), 
and the splice sites 1237, 2115, 2499, 3207, 4257, 4873, 5577 and 6308), inverted 
10 relative to their normal orientation for transcription i.e. antisense CYP2A6 
nucleic acid molecules. Such antisense nucleic acid molecules may be 
chemically synthesized using naturally occurring nucleotides or variously 
modified nucleotides designed to increase the biological stability of the 
molecules or to increase the physical stability of the duplex formed with 
15 CYP2A6 mRNA or the CYP2A6 gene. The antisense sequences may be 
produced biologically using an expression vector introduced into cells in the 
form of a recombinant plasmid, phagcmid or attenuated virus in which 
antisense sequences are produced under the control of a high efficiency 
regulatory region, the activity of which may be determined by the cell type into 
20 which the vector is introduced. 

A nucleic acid molecule containing the antisense sequences may be 
introduced into cells in a subject using conventional techniques, such as 
transformation, transfection, infection, and physical techniques such as 
electroporation or microinjection. Chemical methods such -as coprecipitation 
25 and incorporation of DNA into liposomes may also be used to deliver 
antisense sapiences. The molecules may also be delivered in the form of an 
aerosol or by lavage. Suitable vectors or cloning vehicles for transferring the 
nucleic acid molecules are known in the art. Examples of suitable vectors 
include retroviral vectors, adenoviral vectors, and DNA virus vectors. 
30 The ability of a substance to selectively inhibit CYP2A6 and thus 

regulate nicotine metabolism to cotinine may be confirmed using the methods 
described herein for screening for an Inhibitor. 
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In preferred embodiments of the invention the CYP2A6 inhibitor is 
coumarin, or a derivative or analog thereof. 

CYP2A6 may also be selectively inhibited in the method of the 
invention by interfering with the transcription of the gene encoding CYP2A6 
using gene transfer methods such as targeted gene mutagenesis using allelic 
replacement, insertional Jnactivation, or deletion formation. For example, 
allelic gene exchange using non-replicating or conditionally-replicating 
plasmids has been used widely for the mutagenesis of eukaryotes. Allelic 
exchange can be used to create a deletion of the CYP2A6 gene. Exemplary 
methods of making the alterations set forth above are disclosed by Sambrook 
et al (Molecular Cloning: A Laboratory Manual. 2d E<L, Cold Spring Harbor 

Laboratory Press, 1989). 

CPY2B6 inhibitors may also be used in combination with inhibitors 
of CPY2A6 to provide an enhanced inhibitory effect. Inhibitors of CYP2B6 
include one or more of the following (i) substances which inhibit CYP2B6 
activity; or (ii) substances which inhibit transcription and/or translation of the 
gene encoding CYP2B6. CPY2B6 inhibitors may also be used alone to inhibit 
nicotine metabolism in an individual. 

Substances which inhibit CPY2B6 activity include substances which 
20 specifically bind to CYP2B6 and thereby inhibit its activity. Examples of such 
substances include antibodies which are specific for CFY2B6 including for 
example, commercially available antibodies such as anti- CYP2B6 sold by 
Centest Corporation, Woburn, Mass., U.SA. 

Substances which inhibit CYF2B6 activity also include substances 
25 selected from phenylethyl amines, dlphenylbarbiturates, diethyl substituted 
barbiturates and hydantoins. In particular, diphenhydramine and its 
derivatives, including orphenadrine (The Merck Index, No. 6831), and 
derivatives or analogs of orphenadrine. and other antihistamines, 
anticholinergic substances such as cholines and analogs and derivatives 
thereof may be used as CYP2B6 inhibitors in the methods and compositions of 
the invention. 
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Derivatives of rphenadrine which may be used in the methods and 
compositions of the invention include pharmaceutical^ acceptable salts, esters 
and complexes of orphenadrine including potassium and sodium salts, and 
amino acid, carbohydrate and fatty acid complexes. Suitable analogs of 
5 orphenadrine may be selected based upon their functional similarity to 
orphenadrine, including the ability to inhibit CFY2B6 with greater than 50% 
inhibition, and/or a Ki less than 300 uM. Analogs of orphenadrine may also 
be selected based upon their three dimensional structural similarity to 
orphenadrine. 

10 Substances which inhibit transcription and/or translation of the gene 

encoding CYP2B6 include a nucleic add sequence encoding the CYP2B6 gene 
(see Figure 2B, GenBank Accession No. HSP452B6 for the mRNA sequence of 
CYP2B6), or parts thereof (e.g. the region which is on either side of nucleotide 
9 (ATG), and the sites 111, 274, 424, 585, 762, 904, 1092, and 1234 nt), inverted 

15 relative to their normal orientation for transcription i.e. antisense CYP2B6„ 
nucleic acid molecules. Such antisense nucleic acid molecules may be 
produced and introduced into cells using conventional procedures as 
described herein. 

CYP2B6 may also be selectively inhibited in a method of the 
20 invention by interfering with the transcription of the gene encoding CYP2B6 
using conventional gene transfer methods as discussed herein. 

In preferred embodiments of the invention the CYP2B6 inhibitor 
employed is orphenadrine and derivatives or analogs of orphenadrine. 

An inhibitor of CYP2A6 or CYP2B6 may be targeted to the enzyme 
25 using antibodies specific to an epitope of the enzyme. For example, bispecific 
antibodies may be used to target an inhibitor. The bispecific antibodies contain 
a variable region of an antibody specific for at least one epitope of GYP2A6 or 
CYP2B6, and a variable region of a second antibody which is capable of binding 
to an inhibitor. The bispecific antibodies may be prepared by forming hybrid 
30 hybridomas, using procedures known in the art such as those disclosed in 
Staerz & Bevan, (1986, PNAS (USA) 83: 1453) and Staerz & Bevan, (1986, 
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Immunology Today, 7241). Bispecific antibodies may also be constructed by 
chemical means using conventional procedures such as those described by 
Staerz et aL, (1985, Nature, 314:628) and Perez et aL, (1985 Nature 316354), or by 
expression of recombinant immunoglobulin gene constructs. 
5 The inhibitory activity of a particular substance identified herein or 

an analog or derivative thereof may be confirmed in experimental model 
systems, and in clinical studies, for example, the studies as outlined in 
Examples 3 to 6 herein. 
2. Screening Methods 
10 As hereinbefore mentioned, the present invention provides a 

method of screening for a substance that regulates nicotine metabolism to 
cotinine in an individual comprising assaying for a substance which 
selectively (i) inhibits CYP2A6 activity, or (ii) inhibits transcription and/or 
translation of the gene encoding CYP2A6. 

In an embodiment of the method of the invention, a method is 
provided for screening for a substance that regulates nicotine metabolism to 
cotinine in a subject by inhibiting CYP2A6 activity comprising the steps of : 

(a) reacting a substrate of CYP2A6 and CYP2A6, in the presence of a 
test substance, under conditions such that CYP2A6 is capable of converting the 

20 substrate into a reaction product; 

(b) assaying for reaction product, unreached substrate or unreacted 

CYP2A6; 

(c) comparing to controls to determine if the test substance selectively 
inhibits CYP2A6 and thereby is capable of regulating nicotine metabolism in 

25 an Individual. - 

Substrates of CYF2A6 which may be used in the method of the 

invention for example include nicotine and coumarin and analogs and 

derivatives thereof. The corresponding reaction products for nicotine and 

coumarin are cotinine, and 7-hydroxycoumarin, respectively. 

30 CYP2A6 used in the method of the invention may be obtained from 

natural, recombinant, or commercial sources. For example CYP2A6 may be 

obtained by recombinant methods such as those described by Nesnow, S. et aL, 
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Mutation Research 1994; 324:93-102. Cells or liver mic. 
CYP2A6 may also be used in the method. 

Conditions which permit the formation of a reaction product may be 
selected having regard to factors such as the nature and amounts of the test 
5 substance and the substrate. 

The reaction product, unreacted substrate, or unreacted CYP2A6; 
may be isolated by conventional isolation techniques, for example, salting out, 
chromatography, electrophoresis, gel filtration, fractionation, absorption, 
polyacrylamide gel electrophoresis, agglutination, or combinations thereof. 
10 To facilitate the assay of the reaction product, unreacted substrate, or 

unreacted CYP2A6; antibody against the reaction product or the substance, or a 
labelled CYP2A6 or substrate, or a labelled substance may be utilized. 
Antibodies, CYP2A6, substrate, or the substance may be labelled with a 
detectable marker such as a radioactive label antigens that are recognized by a 
15 specific labelled antibody, fluorescent compounds, enzymes, antibodies specific 
for a labelled antigen, and chemilumincscent compounds. 

The substrate used in the method of the invention may be 
insolubilized. For example, it may be bound to a suitable carrier. Examples of 
suitable carriers are agarose, cellulose, dextran, Sephadex, Sepharose, 
20 carboxymethyl cellulose polystyrene, filter paper, ion-exchange resin, plastic 
film, plastic tube, glass beads, polyamine-mcthyl vinyl-ether-maleic acid 
copolymer, amino acid copolymer, ethylene-maleic acid copolymer, nylon, 
silk, etc. The carrier may be in the shape of, for example, a tube, test plate, 

beads, disc, sphere etc. 
25 The insolubilized CYP2A6, substrate, or substance may be prepared by 

reacting the material with a suitable insoluble carrier using known chemical 

or physical methods, for example, cyanogen bromide coupling. 

In another embodiment of the invention, a method is provided for 

screening for a substance that regulates nicotine metabolism to cotinine in an 
30 individual by inhibiting transcription and/or translation of the gene encoding 

CYP2A6 comprising the steps of: 
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(a) culturing a host cell comprising a nucleic acid molecule 
containing a nuclei add sequence encoding CYP2A6 and the necessary 
elements for the transcription or translation of the nudeic add sequence, and 
optionally a reporter gene, in the presence of a test substance; and 
5 (b) comparing the level of expression of CYP2A6, or the expression of 

the protein encoded by the reporter gene with a control cell transfected with a 
nudeic add molecule in the absence of the test substance. 

A host cell for use in the method of the invention may be prepared 
by transecting a suitable host with a nucleic add molecule comprising a 
10 nucleic add sequence encoding CYT2A6. A nucleic add sequence encodmg 
CYP2A6 may be constructed having regard to the sequence of the CYF2A6 gene 
(Figure 2A) following procedures known in the art Suitable transcription and 
translation elements may be derived from a variety of sources, indudmg 
bacterial, fungal, viral, mammalian, or insect genes. Selection of appropriate 
15 transcription and translation elements is dependent on the host ceil chosen, 
and may be readily accomplished by one of ordinary skill in the art Examples 
of such elements indude: a transcriptional promoter and enhancer or RNA 
polymerase binding sequence, a ribosomal binding sequence, induding a 
translation initiation signal. Additionally, depending on the host cell chosen 
20 and the vector employed, other genetic elements, such as an origm of 
replication, additional DNA restriction sites, enhancers, and sequences 
conferring inducibility of transcription may be incorporated into the 
expression vector. It will also be appreciated that the necessary transcripbon 
and translation elements may be supplied by the native CYP2A6 gene and/or 

25 its flanking sequences. 

Examples of reporter genes are genes encoding a protein such as 

fj-g.l.ctosidase. chloramphenicol acetyltransferase, firefly luciferase. or an 

immunoglobulin or portion thereof such as the Fc portion of an 

immunoglobulin, preferably IgG. Transcription of the reporter gene is 

30 monitored by changes in the concentration of the reporter protein such as 

P-galactosidase, chloramphenicol acetyltransferase, or firefly luciferase. This 
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makes it possible to visualize and assay f r expression of CYP2A6 and in 
particular to determine the effect of a substance on expression of CYP2A6. 

Suitable host cells include a wide variety of prokaryotic and 
eukaryotic host cells, including bacterial, mammalian, yeast or other fungi, 
5 viral, plant, or insect cells. 

Protocols for the transfection of host cells are well known in the art 
(see, Sambrook et ad. Molecular Cloning A Laboratory Manual, 2nd edition, 
Cold Spring Harbor Laboratory Press, 1989, which is incorporated herein by 
reference). By way of example, Nanji M., et al., (1994) describe the expression of 
10 a cDNA encoding human CYP2A6 in a baculovirus system; Nesnow, S v et al. 
(1994) and Tiano H.F. et al, (1993) describe the expression of CYP2A6 from a 
retroviral vector in transformable C3H/10T1/2 mouse embryo fibroblasts; and 
Salonpaa, P., et al, (1993) describe the preparation of amphotropic recombinant 
retroviruses containing CYP2A6 using LXSN vector and PA317 packaging 
15 cells. 

Host cells which are commercially available may also be used in the 
method of the invention. For example, the h2A3 and h2B6 cell lines available 
from Gentest Corporation are suitable for the screening methods of the 
invention. 

20 The above mentioned methods of the invention may be used to 

identify negative regulators of nicotine metabolism to cotinine in brain and 
liver thereby affecting conditions requiring regulation of nicotine metabolism. 
Identification and isolation of such regulators will permit studies of the role of 
the regulators in the regulation of nicotine metabolism to cotinine and permit 

25 the development of substances which affect this role, such as functional or 
non-functional analogs of the regulators. It will be appreciated that such 
substances will be useful as pharmaceuticals to modulate nicotine metabolism 
to cotinine as discussed herein. 

The inhibitory activity of the substances identified by the methods of 

30 the invention may be confirmed in experimental model systems, and in 
clinical studies, for example the studies as outlined in Examples 3 to 6 herein. 
3. Compositions 
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Substances which inhibit nicotine metabolism to cotinine described 
in detail herein or substances identified using the methods of the invention 
which selectively inhibit CYP2A6 may be incorporated into pharmaceutical 
compositions. Therefore the invention provides a pharmaceutical 
5 composition for use in treating a condition requiring regulation of nicotine 
metabolism to cotinine comprising an effective amount of one or more 
substances which selectively inhibit CYP2A6, and/or a pharmaceutical* 
acceptable carrier, diluent, or excipient A method is also provided for treatuig 
a condition requiring regulation of nicotine metabolism to cotinine in a 
10 subject comprising a*rdnistering to the subject an effective amount of one or 
more substances which selectively inhibit CYP2A6. 

Conditions requiring regulation of nicotine metabolism to cotinine 
include nicotine use disorders i.e. dependent and non-dependent tobacco use, 
and nicotine-induced disorders i.e. withdrawal. The conditions may develop 
15 with the use of all forms of tobacco (e.g. cigarettes, chewing tobacco, snuff, 
pipes, and cigars) and with prescription medications (nicotine gum, nicotine 
patch' spray or other forms). In particular, the pharmaceutical compositions 
and treatment methods of the invention may be used to diminish a subjects 
desire to smoke and thereby alter smoking behaviour. 
20 The compositions and treatment methods of the present invention 

by regulating nicotine metabolism in an individual are highly effective. The 
methods and compositions maintain the behavioral components of smoking 
and modify them by reducing nicotine metabolism to cotinine. An individual 
with reduced nicotine metabolism following adrninistration of a composition 
25 of the present invention, will alter smoking behaviour and smoke exposure 
because of modification of nicotine requirements. The methods and 
compositions of the invention show patterns of reduction, more sustained 
abstinence, and lower tobacco smoke exposure than obtained with prior art 
methods in particular those using nicotine deprivation. 
30 The behavioral component of smoking is particularly important in 

some groups of individuals, and thus the methods and compositions of the 
invention in modifying and maintaining behavioral components may be 
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particularly useful in reducing smoking in those individuals. For example, it 
has been found that behavioral components are significant in tobacco use by 
women. The present invention permits the d velopment of behavioral 
learning on an individual/or group basis. 

5 The compositions and treatment methods of the invention are also 

particularly suited to regulate nicotine metabolism in individuals or 
populations having high levels of CYP2A6. For example, Caucasians m North 
America have high levels of CYP2A6. An individual or population having a 
high level of CYP2A6 can be identified using conventional methods for 

10 measuring CYP2A6. 

The compositions and methods of the invention also have the 
advantage of individualization and flexibility in treatment duration. The 
compositions and treatment methods are particularly suitable for severely 
dependent individuals/ previous treatment failures, individuals unable to 

15 accept the current approach of complete cessation, treatment/prevention of 
relapse, or concurrent treatment with other methods such as the nicotine 
patch. It is expected that the compositions and treatments of the invention 
will decrease the doses of nicotine patch needed and prolong the duration of 
its action. 

20 The methods and compositions of the invention in treating 

individuals with nicotine use disorders and nicotine-induced disorders are 
also useful in the treatment and prophylaxis of diseases or conditions, 
including nicotine-related disorders such as opioid related disorders; 
proliferative diseases; cognitive, neurological or mental disorders; and other 

25 drug dependencies in the individuals. Examples of such underlying diseases 
or conditions include malignant disease, psychosis, schizophrenia, anxiety, 
depression, alcoholism, and opiate dependence. 

The methods and compositions of the invention may also be used in 
the prophylaxis and treatment of individuals having a condition which 

30 requires a reduction in CYP2A6 or CYP2B6. For example, CYP2A6 is known to 
metabolize several procarcinogens such as NNK (Crespi et al., 1991), aflaxtoxin 
Bl (Yun et al., 1991); hexamethylphosphoramide (Ding et aL, 1988), and 
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nitrosodimethylamine (Dnvies et al, 1989; Fernandez et al., 1995). Theref re, 
inhibitors of CYP2A6 may be useful in the pr phylaxis and treatment of 

malignant diseases. 

The pharmaceutical compositions of the invention contain 
5 substances which selectively inhibit CYP2A6 described in detail herein or 
substances identified using the methods of the invention. The active 
substances can be administered alone, but are generally administered with a 
pharmaceutical carrier etc. (see below), elected on the basis of the chosen 
route of administration and standard pharmaceutical practice. 
10 The dosage administered will vary depending on the use and known 

factors such as the pharmacodynamic characteristics of the particular 
substance, and its mode and route of administration; age, health, and weight 
of the individual recipient; nature and extent of symptoms, kind of concurrent 
treatment, frequency of treatment, and the effect desired. 
15 The individual recipient may be any type of mammal, but is 

preferably a human. Generally, the recipient is an individual having a 
CYP2A6 genotype and/or CYP2B6 genotype associated with an active form of 
the enzyme, preferably individuals having a CYP2A6 genotype associated with 
an active form of the enzyme. The determination of a CYP2A6 or CYP2B6 
20 genotype and active CYP2A6 may be determined using procedures known in 
the art. For example, coumarin 7-hydroxylation has been used to measure 
CYP2A6 activity (Cholerton et aL, 1992, J. Chromatogr. 575325-330; and Rautio 
et al, 1992 Pharmaconetics 2527-233). As discussed above, the methods and 
compositions of the invention may be preferably used in individuals or 
25 populations having high levels of CYP2A6, or in individuals where the 
behavioral components of smoking are significant 

For use in the treatment of conditions requiring "regulation of 
nicotine metabolism to cotinine, by way of general guidance, a daily oral 
dosage of an active ingredient such as coumarin can be about 0.1 to 80 mg/kg 
30 of body weight, preferably 0.1 to 20, more preferably 0.2 to 3 mg/kg of body 
weight Ordinarily a dose of 05 to 50 mg/kg of coumarin per day in divided 
doses one to multiple times a day, preferably up to four times per day, or in 
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sustained release f rm is effective to btain the desired results. In accordance 
with a particular regimen, rtmiiiarin is admiiushsred twice daily for one to 
four days. While standard interval dose administration may be used the 
compositions of the invention may be administered intermittently prior to 
5 high risk smoking times, e.g. early in the day and before the end of a working 
day. 

The substances for the present invention can be administered for 
oral, topical, rectal, parenteral, local, inhalant or intracerebral use. In an 
embodiment of the invention, the substances are administered in intranasal 
10 form via topical use of suitable intranasal vehicles, or via transdermal routes, 
using forms of transdermal skin patches known to those of ordinary skill in 
that art To be administered in the form of a transdermal delivery system, the 
dosage administration will be continuous rather than intermittent 
throughout the dosage regimen. 
15 In the methods of the present invention, the substances described in 

detail herein and identified using the method of the invention form the 
active ingredient, and are typically administered in admixture with suitable 
pharmaceutical diluents, exdplents, or carriers suitably selected with respect to 
the intended form of administration, that is, oral tablets, capsules, elixirs, 
20 syrups and the like, consistent with conventional pharmaceutical practices. 

For example, for oral administration in the form of a tablet or 
capsule, the active substances can be combined with an oral, non-toxic, 
pharmaceutical^ acceptable, inert carrier such as lactose, starch, sucrose, 
glucose, methyl cellulose, magnesium stearate, dicalcium phosphate, calcium 
25 sulfate, mannitol, sorbitol and the like; for oral administration In liquid form, 
the oral active substances can be combined with any oral, non-toxic, 
pharmaceutical^ acceptable inert carrier such as ethanol glycerol, water, and 
the like. Suitable binders, lubricants, disintegrating agents, and coloring agents 
can also be incorporated into the dosage form if desired or necessary. Suitable 
30 binders include starch, gelatin, natural sugars such as glucose or beta-lactose, 
com sweeteners, natural and synthetic gums such as acacia, tragacanth, or 
sodium alginate, carboxymethylcellulose, polyethylene glycol waxes, and the 
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phenol, polyhydroxyethylaspartamidephcnoL or polyethylcneoxide-polylysine 

substituted with palmitoyl residues. The substances may also be coupled to 

biodegradable polymers useful in achieving controlled release of a drug. 

Suitable polymers include polylactic acid, polyglycolic acid, copolymers of 
5 polylactic and polyglycolic acid, polyepsilon caprolactone, polyhydroxy butyric 

add, polyorthoesters, polyacetals, polydihydropyrans, polycyanoacylates, and 

crosslinked or amphipathic block copolymers of hydrogels. 

Pharmaceutical compositions suitable for administration contain 

about 1 milligram to 1.500 mNligwuna of active substance per unit. In lh*** 
10 pharmaceutical compositions, the active ingredient will ordinarily be present 

in an amount of about 03-95% by weight based on the total weight of the 

composition. 

Suitable pharmaceutical carriers and methods of preparing 
pharmaceutical dosage forms are described in Remington's Pharmaceutical 
15 Sciences, Mack Publishing Company, a standard reference text in this field. 

More than one substance described in detail herein or identified 
using the methods of the invention may be used to regulate metabolism of 
nicotine to cotinine. In such cases the substances can be administered by any 
conventional means available for the use in c injunction with 
20 pharmaceuticals, either as individual separate dosage units administered 
simultaneously or concurrently, or in a physical combination of each 
component therapeutic agent in a single or combined dosage unit. The active 
agents can be administered alone, but are generally administered with a 
pharmaceutical carrier selected on the basis of the- chosen route of 
25 administration and standard pharmaceutical practice as described herein. 

The combination of an CYP2A6 inhibitor e.g. coumarin, and a 
CYP2B6 inhibitor e.g. orphenadrine enhances inhibition of nicotine 
metabolism to cotinine. Thus, a preferred embodiment of the invention 
provides a method for treating conditions requiring regulating nicotine 
30 metabolism to cotinine comprising administering an effective amount of an 
CYP2A6 inhibitor and an effective amount of a CYP2B6 inhibitor to selectively 
inhibit nicotine metabolism to cotinine. In a preferred embodiment of the 
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invention, the CYP2A6 inhibitor is coumarin or an analog r derivative 
iW-uf, -a d« CYP206 udubilur i> orph«u.dime, or «. -nalog or derivative 
thereof. The inhibitors may be administered concurrently, separately or 
sequentially. The doses of the CYP2A6 inhibitor and the CYP2B6 inhibitor are 
5 each selected so that each Inhibitor alone would not show a full effect. The 
effective doses are those which are approximately the minimum doses 
adequate for enhanced inhibition of nicotine metabolism to cotinine. 

Pharmaceutical compositions containing combinations of CYP2A6 
and CYP2B6 inhibitors may be prepared, and administered as described herein 
10 for , e compositions containing CYP2A6 inhibitors. The pharmaceutical 
compositions preferably contain coumarin or an analog or derivative thereof, 
and oxphenadrine, or an analog or derivative thereof, in conceptions of 
to 1500 mg, and 25 to 400 mg, respectively. 

The recognition by the present inventor that CYP2A6 is the major 
15 nicotine metabolizing enzyme in human livers suggests that the enzyme can 
be assayed in an individual to determine the individual's risk of developing 
tobacco dependence. Determination of CYP2A6 levels may also be used to 
select and monitor in an Individual appropriate conventional nicotme 
replacement therapies such as the nicotine patch and nicotine gum. It * 
20 unlikely that nicotine replacement therapies will have a high success outcome 
if an individual has high levels of CYP2A6. Conversely, if an individual has 
very low levels of CYP2A6, administering nicotine at high dosages will likely 
result in increased toxicity, and side effects. 

The following non-limiting examples are illustrative of the present 

25 invention: 

EXAMPLE 1 
Role of CYP2D6 In Nicotine Metabolism 

The following materials and methods were utilized in the investigations 
outlined in example 1: 
30 MATERIALS AND METHODS 
Biological Sampled 
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Human Jiwrrs. The characteristics and sources of the K scries livers used in 
this study were described previously (Campbell et al., 1987; Tyndale et al., 
1989). The K series livers were obtained from Dr. T. Inaba, University of 
Toronto. The L series livers were obtained from Dr. E. Roberts from the 
5 Hospital for Sick Children (Toronto, ON, Canada), and consisted of partial 
livers obtained from Uver donors. 

CYP2D6 yeast. Microsomal preparations of CYP2D6 expressed in yeast 
(aH22/peltl cells) and control yeast (AH22/pMA91 cells) were provided by Dr. 
M.S. Lennard, University of Sheffield, U-K.. Immunochemiral and catalytic 
10 assays have Indicated that cytochrome P450 was undetectable in microsomes 
prepared from the control yeast, and that the enzyme activity in microsomes 
prepared from CYP2D6 expressing yeast was predominantly due to CYP2D6 
(Ellis et al., 1992). Microsomal protein concentrations were determined by the 
BSA assay kit (Pierce Chemical Co., Rockfbrd, IL, USA). 
15 Drugs and Chemicals. Dextromethorphan hydrobromide, (S)-nicoHne, (S>- 
cotinine, quinidine, ketamine, cumene hydroperoxide, and NADPH were 
obtained from Sigma Co. (St. Louis, MO, USA). Dextrorphan, 
methoxymorphinan, and hydroxymorphirum were provided by Hoffmann-La 
Roche Inc., Nutley, (N.J., USA). Budipine was obtained from Byk Gulden 
20 Pharmazeutika, Konstanz, Germany. 

Microsome Preparation. The partial livers (-2 grams) from 30 humans were 
thawed on ice, then minced in two volumes of cold 1.15% KC1. The samples 
were homogenized by applying ten strokes of a Teflon pestle powered by a 
Black and Decker electric drilL Each Uver homogenate was then subjected to a 
25 centrifugation of 9000 g for 20 min. at 4*C in a Sorvall RC2-B. The 
supernatant, which contains cytosol and microsomes, was decanted and 
centrifuged at 100,000 g for 60 min. at 4°C in a Sorvall Combi Plus Ultraspccd 
Centrifuge. The resulting microsomal pellet was resuspended in 1.15% KC1 
and centrifuged again at 100,000 g for 60 min. at 4°C for further purification. 
30 The microsomal pellet was resuspended in a 2:1 vol/wt solution of 1.15% KC1 
and stored in a Forma Scientific freezer at -70*C. 
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Protein Determination. Protein concentration of the microsomal samples 
were determined with a Pierce BCA pr tcin assay kit (Pierce Chemical Co., 
Rockford, IL, USA), using the bovine serum albumin standard (BSA) solution 
provided'. Samples, in duplicate, were diluted with H 2 0 to a concentration in 
5 the range of the BSA standards. 100 ul of each sample, or BSA standard, was 
added to 2 mis of Pierce Working Reagent This reagent solution contained 50 
parts Reagent A to 1 part Reagent B. Samples were vortexed and then 
incubated in a shaking water bath for 30 min. at 37»C Absorbence of each 
sample was then measured at 562 run against a blank vial. 
10 Analytical Method, for Dextromethorphan assay. Incubation conditions of 
this assay were adapted from those of Otton et aL, (1983). 
Dextromethorphan to dextrorphan kinetics: Dextromethorphan to 
dextrorphan kinetics was measured as a function of protein concentration and 
time. Dextromethorphan at a concentration of 5 jiM was incubated with 0.025, 
15 0.05, 0.1, 0.2, 0.3, 0.4, and 05 mg protein/ml, with 0.8 mM NADPH in 0.2 M 
phosphate buffer ( P H 7.4). The incubation mixture was comprised of 125 ul 
phosphate buffer (pH 7.4), 50 ul microsomal protein, 50 ul dextromethorphan, 
and 25 ul NADPH for a total volume of 250 uL Incubations were carried out at 
37»C for 30 min. in a shaking water bath, and were terminated with the 
20 addition of 10 ul perchloric acid. Budipine was used as an internal standard. 
Samples were then centrifuged at 3000 rpm for 5 min., and 30 ul of the 
supernatant was analyzed by HPLC. Results revealed that dextrorphan 
production was linear from 0.025 to 03 mg protein/ml throughout a 30 min. 
incubation. Apparent K m and V MX values were determined by incubating 
25 dextromethorphan at 1, 25, 5, 10, 50, and 75 uM concentrations in duplicates, 
with a microsomal protein concentration of 0.125 mg/ml. for 30 minutes at 
37°C. 

HPLC: The HPLC system (Hewlett Packard) consists of a 1050 series pump and 
autosampler. connected to a HP 3396 series n integrator. A CSC-Spherisorb- 
30 Phenyl (5 urn, 4.6 mm x 25 cm) column and a mobile phase consisting of 10 
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mM potassium phosphate buffer c ntaining 1 mM Heptanesulfonic acid, pH 
3.8, and acetonitrile (80:20 v/v) was used, with a flow rate set at 1.7 ml/min. 
Dextromethorphan and the various metabolites in the incubation samples 
were measured as described by Broley et at (1989), except that the excitation 

5 and emission wavelengths were set at 195 run and 280 nm, respectively for a 
higher sensitivity. Dextrorphan calibration curves were linear from 0 to 120 
pmoles, with the lowest detectable level of 5 pmoles for dextrorphan. The 
coefficient of variation within-day was 2.7 and 2.0 % (n=5), for 0.25 and 0.5 
nmoles/ml injections of dextrorphan respectively. The coefficient of 

10 variation between-day was 63 and 9.6 % (n=6), for 0.125 and 03 nmoles/ml 
concentrations of dextrorphan respectively. 
Analytical Methods for the Nicotine assay 

Incubation: Microsomes were removed from a -70°C frceter and thawed on 
ice. Incubation mixtures generally contained 100 ul (S)-nicotine, 100 ul 
15 NADPH (ImM final), 200 ul human liver microsomes (0.5 mg/ml), 20 ul 
Wistar rat liver cytosol, 200 ul potassium phosphate buffer (pH 7.4, 40 uM 
final), diluted to a 1 ml final volume with 1.15% KCL The reaction was 
initiated with the addition of NADPH and placing the samples at 37°C. The 
mixtures were incubated in a polypropylene conical 10 ml tubes then placed in 
20 a Precision Scientific Shaker Bath (Model 50) at 37°C for 45 minutes. The 
reaction was stopped by adding 100 ul of 20% NaiCOj (pH 11.4). Nicotine to 
cotinine kinetic studies were performed by incubating 1, 5, 10, 50, 100, and 200 
uM (S)-nicotint with 0.5 mg/ml microsomal protein for 45 min, in the 
presence of 20 ui rat liver cytosol, 1 mM NADPH in 40 mM phosphate buffer 
25 (pH 7.4). The reaction was started by adding NADPH. The incubation mixture 
comprised of kinetic parameters were calculated by use of computer program 
Enzfitter (Robin J. Leatherbarrow, 1987). The data were fit by one-site 
Michaelis-Mcnten rate equation. 

Extraction: After basification with Na2COs, 10 ul of ketamine (the internal 
30 standard) was added to each sample. Ethyl acetate (3 mis) was added for 
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extraction purposes. The samples were vortexed vigorously for 5 min.. 
followed by centrifugal! n for 5 min. at 3000 rpm in an GLC-2B centrifuge. 
The organic layer (top) was pipetted to a separate 10 ml conical tube, which 
contained 400 ul of 0.01 N HCL The samples were vortexed again for S min. 
5 and centrifuged at 3000 rpm for 5 min. The organic layer was then discarded, 
and the remaining aqueous layer was dried under nitrogen at 37°C for 30 min. 
to remove any remaining organic solvent. 30 ul of each sample was then 
subjected to High Performance Liquid Chromatography (HFLQ analysis. 
HPLZ Separation of nicotine and metabolites was achieved by using a CSC- 
10 Spherisorb-Hexyl column (15 x .46 cm) and a mobile phase consisting of 20% 
acetonitrile and 80% 20 mM potassium phosphate, pH 4-6, containing 1 mM 
octanesulfonic acid was used. The separation was performed with isocratic 
elulion at a flow rate of 1 ml/min. The retention times for cotinine, nicotine 
and ketamine were 3.5. 4.2, and 7.0 minutes respectively. The minimum 
15 detectable limit in the system was 300 pmoles of cotinine per ml of incubation 
mixture. Within and between day variations were found to be below 10% 
(n=6). The HPLC system consisted of a Hewlett Packard 1090 solvent delivery 
system linked to a 1050 series UV detector. The UV detector was set at 210 nm 
to optimize for cotinine detection. 
20 Data Analysis. The UV absorbence data was transferred to a Hewlett-Packard 
Chemstatloru The three peaks of interest were cotinine, nicotine, and 
kcumine (internal standard). The heights of the respective peaks were used to 
determine peak height ratios. Specifically, the cotinine peak height ratio was 
determined by measuring the ratio between the height of the cotinine peak to 
25 the ketamine peak height 

Peak Height Ratio (PHR) - rprinlnr yt-nV height 

ketamine peak height 

The peak height ratios were used to analyze the relative amount of cotinine 
production, and to determine the specific concentration of cotinine present in 
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each sample incubation. This was achieved by producing standard curves 
during each session of data collection. 

Standard curves were produced by injecting various concentrations 
of cotinine into the HPLC. Cotinine amounts typically included 1.25, 23, 5.0, 
5 and 10.0 nmole concentrations. 10 ul of ketamine, at a concentration of 0.25 
mg/ml, was added to each sample. The standard curve enabled any given 
PHR obtained from a given sample to be converted to its respective 
concentration of cotinine in nmoles. 

Within-day and Between-day variations. The within-day variation and 

10 between day variation of the assay were calculated for two concentrations of 
cotinine. Standard solutions contained 23 nmoles and 5.0 nmoles of cotinine 
per ml of incubation mixture. Samples contained 40 mM phosphate buffer, 
and 1.15 % KG. They were subjected to similar extraction and evaporation 
procedures as mentioned above. For cotinine concentrations of 23 nmoles 

15 and 5.0 nmoles/ml the within day coefficients of variations were 3.1% and 
2.3% respectively. The between-day variation were 7J2 % and 8.4%. A 
coefficient of variation (CV) less than 10% was deemed acceptable. 
Cytosol assay. Cytosolic fractions from livers of 4 male Wistar rats were used 
as the source of aldehyde oxidase. Since the metabolism of nicotine to 

20 cotinine is a two step reaction involving an iminium ion intermediate, it was 
necessary to make the cytochrome P450 oxidation of nicotine the rate 
determining step. This was performed by adding excess aldehyde oxidase. 
Cotinine production increases and then plateaus with the addition of 
increasing amounts of rat cytosol. It was determined that 20 pi of cytosol 

25 would be used as the source of aldehyde oxidase. The rat cytosol had no 
intrinsic nicotine oxidase activity. 

Protein - time assay. Protein concentrations of 0.125, 0.25, 0.5, and 1 mg 
protein/ml from the K20 liver microsome sample were incubated at 37*C, 
with 20 ul rat liver cytosol, 1 mM NADPH, in 40 mM phosphate buffer (pH 7.4) 
30 across several tune intervals. Results are presented in Figure 3. These results 
show that cotinine formation is linear at a protein concentration of 0.125 to 03 
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mg/ml for a 45 min. incubati n. C tinine fonnaHcm was also dependent on 
NADPH concentrations. A NADFH concentration of 1 mM was determined 
t be optimal for the above experimental conditions. 

Quinidine and coumarin inhibition of cotinine formation. Ni coti ne was 
5 incubated with 03 mg/ml microsomal protein from K20 human liver. 
Incubations included 1 mM NADPH, 20 ul rat liver cytosol, 40 mM phosphate 
buffer (pH 7.4), and were carried out for 45 minutes at 37°C. Inhibition studies 
included adding 100 uM quinidine, 100 uM coumarin, 100 uM of quinidine 

and coumarin, with 60 |iM (SHucotine. 
10 Incubation of nicotine in yeast expressing CYP2D6. Incubation conditions 
using CYP2D6 expressed in yeast supported by cumene hydroperoxide 
(CuOOH), were essentially those of Zanger et at, (1988) and Wu (1993). 

Basically, CuOOH (80% in cumerol, Sigma) was first diluted to a concentration 

of 40 mM in 50% methanol in H 2 0 (v/v) and then to 375 uM in 03 M 
15 potassium phosphate buffer, pH 7.4. 200 ul of this solution was added to 100 ul 
nicotine (100 uM final) and 20 ul of rat liver cytosol, in a final volume of 1 ml 
(final CuOOH concentration of 75 uM). The incubation was initiated by the 
addition of 200 ul of yeast protein (0.3 mg/ml final) and was for 20 min. at 
room temperature. Incubations were carried out in a shaking water bath, at 
20 3rC, for 120 min. All reactions were stopped with the addition of 100 ul 20% 
Na2C03(pH11.4). 
Results 

Dextromethorphan to dextrorphan metabolism In human liver microsomes. 

The kinetics of dextrorphan formation were determined using a non-linear 
25 least squares algorithm in which the data were weighted by the reciprocal of 

the rate of metabolism and were fit by one or two site Michaelis-Menten 

kinetic models. The Lll liver sample displays a high affinity enzyme kinetics. 

while the L3 Uver sample displays both high and low affinity enzyme kinetics. 

Low affinity enzyme sites were observed in 2 out of the 11 livers, while the 
30 remaining 9 livers had only a high affinity enzyme site with K„ and V„„ 
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values (mean ± SD, n«9) of 5.79 ± 2.01 nM and 10.03 ± 653 nm les/mg 
protcin/hr, respectively. Since the Km value was approximately 5 jiM, a 5 >iM 
dose f dextr methorphan was used in incubations with 30 human liver 
microsomes. The rate of dextrorphan formation was used as a measure of 
5 CYP2D6 activity. PCR studies revealed twe ooor metabolizer genotypes (b/b) 
for CYP2D6 mediated reactions (L18, and L19), four heterozygote extensive 
metabolizers (wt/b: L26, L27, L61 and L63), with the remaining livers 
displaying the extensive metabolizer genotype (wt/wt). 
Nicotine to cotinine kinetics 
10 K m and values for nicotine to cotinine kinetics were calculated 

for all 30 human liver microsomes. Sample Michaelis-Menten curves for 
nicotine to cotinine kinetics are shown in Figure 4. These graphs show livers 
which display one site or multiple site enzyme kinetics. Figure 5 compares the 
respective K m values across all 30 samples. These figures were segregated into 
15 male and female liver donors so mat sex differences could be examined. The 
mean K m value for all 30 livers is 66.6 ± 313 mM (mean ± SO). V m „ results 
revealed marked inter-individual variations in cotinine formation (Figure 6). 
Four human livers appeared to have very high rates of cotinine formation. 
The V ma x values between males and females was significantly different 
20 (p=0.07), but not when the four high female V m „ values were removed 
(p=0.78), as determined by the students t-test. There is approximately a 30 fold 
difference in the values of cotinine formation between the L32 and L60 
liver microsome samples. The mean Vmax value for all 30 livers is 28.9 ± 28.9 
nmotes/mg protein/hr (mean ± SD). 
25 Correlation between CYF2D6 activity and cotinine formation 

CYP2D6 as measured by dextromethorphan metabolism to 
dextrorphan was compared to nicotine to cotinine Vmax values across the 30 
human livers. Specifically, the rate of dextrorphan formation was used as a 
measure of CYF2D6 activity. Results revealed no correlation (r-0.21, p-0.27), 
30 between CYP2D6 activity and cotinine formation. 
Inhibition of cotinine formation 
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Quinidine. which is a specific inhibitor of the CYP2D6 enzyme, had 
some inhibitory effect on cotinine formation. Quinidine at 100 nM (1000 time* 
greater than its K» value for inhibiting dextromethorphan to dextrorphan 
metabolism by CYP2D6; Kerry et al., 1994) inhibited cotinine formation by 
5 approximately 20%. In the presence of 100 uM coumarin, cotinine formation 
wa» inhibited by over 80%, with little additional inhibition when quinidine 
was added in combination with coumarin. 
Nicotine metabolism with yeast expressing CYP2D6 

Nicotine incubations with yeast expressing CYP2D6 and yeast 
10 controls showed no difference in cotinine peak height ratios. The possibility 
of inactive CYP2D6-expressing yeast was investigated; p-methoxy- 
amphetamine. methamphetamine, and dextromethorphan, substrates for 
CYP2D6, were all oxidized by the CYP2Dfr*xpressing yeast. Nicotine 
incubations in yeast were performed simultaneously with para- 
15 methoxyamphetamine incubations. 
Discussion: 

The metabolism of dextromethorphan and nicotine was studied 
using a bank of 30 human liver microsomes. Dextromethorphan metabolism 
to dextrorphan revealed typical Michaelis-Mentcn kinetics with some livers 
20 displaying a low affinity site. The apparent high affinity K m value was 5.79 ± 
201 (mean ± SD). Thus, 5 uM of dextromethorphan was incubated with 30 
human liver microsome, to access CYP2D6 activity in each liver. Nicotine to 
cotinine metabolism was also investigated in the same 30 human livers. This 
required the development of a novel assay which is described above. Since the 
25 meta bolUm of nicotine to cotinine is a two step reaction, excess amounts of 
aldehyde oxidase was added to each incubation, such mat the CYP oxidation 
step was rate determining. The formation of cotinine followed Michaelis- 
Menten kinetics with apparent K m and V M values (mean ± SD) of 66.7 ± 31.8 
uM and 28.9 ± 28.9 nmoles/mg protein/hr, respectively. 
30 Because of recent studies (Cholerton et at, 1994) which implicated a 

role for the CYP2D6 poor metabolizer phenotype of debrisoquine to the poor 
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metabolism of nicotine, CYP2D6's r le was addressed. Th first set f 
experiments were aimed at drawing a potential correlation between CYP2D6 
activity and nicotine xidation t cotinine among 30 human liver 
microsomes. Dextromethorphan was used as the probe drug for CYP2D6 

5 activity. Results revealed that liver microsomes which displayed low rates of 
dextrorphan formation was closely related to CYP2D6 genotyping studies. 
Dcxtrorphan rates of formation were plotted against nicotine to cotinine V ra 
values. No correlation was found between CYP2D6 activity and nicotine to 
cotinine metabolism (r=.21, n=30) suggesting that CYP2D6 is not a major 

10 enzyme involved in nicotine metabolism. 

Correlation studies are not a conclusive form of evidence, thus 
supplementary studies were performed. Quinidine, which is a specific 
CYP2D6 inhibitor, had a small inhibitory effect on cotinine formation. At a 
very high concentration (100 uM) (K4 ~ 100 nNfc Kerry et aL, 1994) only a 20% 

15 inhibition was seen. In contrast coumarin, a specific CYP2A6 substrate, 
inhibited cotinine formation by over 80% at the same concentration. Stronger 
evidence excluding CYP2D6 from nicotine metabolism comes from the cDNA- 
expression work. Nicotine incubated with yeast microsomes expressing the 
human CYP2D6 enzyme revealed no cotinine formation greater than control 

20 yeast microsomes. These results are in disagreement with McCracken et al. 
(1992), but in agreement with Flammang et aL, (1992). 

The possibility of inactive yeast was investigated by incubating the 
yeast with known CYP2D6 substrates, such as dextromethorphan, p- 
mcmoxyamphetamirte, and methylamphetamine. Results revealed that yeast 

25 expressing CYP2D6, and not control yeast, were able to oxidize these 
compounds to dextrorphan, para-hydroxyamphetamine, and para- 
hydroxymethylamphetamine, respectively. Further supporting evidence 
comes from Wu, 1993 who showed that nicotine did not inhibit 
dextromethorphan metabolism by CYP2D6 in human liver microsomes. 

30 EXAMPLE 2 

Role of CYP2A6 and CYP2B6 in Nicotine Metabolism 
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Since the CYP2D6 enryme appears net to be involved In nicotine to 
cosine metabolism, an investigation of the role of other cytochrome, P450 
wa , undertake. In particular the importance of CYP2A6 in contributing ; * 
inter-individual differences in nicotine metabolism was acceded m vtro 
5 CYP2A6, hetexogously expressed in human lymphoblastoid cells, has one of 
the highest activities in the conversion of nicotine to cotinine, second only to 
CYP2B6 (McCracken et al 1992). 

The foUowing materials and methods were utdized in the 

investigations outlined tn txample 2: 
10 MATERIALS AND METHODS 

Ulan liver microsomes. The same 30 human liver sample, were used m 
this study as were used m Example 1. 

Dreg . Ld chemicals- (S)-Nicoti«e, (S)-cotinine, NADPH. Tns-HO, 
octan^Honic acid, troleandomycin. orphenndrine. and keUmuu, were 
15 obtainrffromSigmaC^c^^^ 

7- m ethylcoumann, and 7«thoxycoumarin were purchased fro* 
- Louli, MO, USA). Coumarin and ethyl acetate were 

ON. Canada). Potassium phosphate was purchased from 
££L-i (M^, ON. Canada). Andbod.es were purchased ftom 

of incubating 100 uM (S)-nicotin. with 150 >iM concentration, of coumann. 
orphen.dr.ne. troleandomycin. and coumarin ^ J^T^ 
Zbinanon. with all 30 human Uver microsome,, in duplicate. To ms*uni» 

UO ,M was cho~n for each specific inhibitor. From »e kinetic stu*e, th* 
tohibitor concentration is approximately 2 times the mean K~ value for 
nicotine to cotinine metabolism. The nicotuv, concentration wa, set at 100 uM 
.hich was the concentration that was approaching the V«. for 
30 foldon. Tn* concentradon was chosen to marfmize the 

each cytochrome P450 involved in nicotine metabolism. «n« each enryme 
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would likely have varying affinities for nicotine. Incubation conditions were 
similar to that mentioned in the previous example. Once coumarin was 
shown to inhibit nicotine metabolism, coumarin analogs were incubated with 
nicotine. High and low concentrations (10 and 100 uM) of coumarin, 7- 
5 methylcoumarin, 7-methoxy coumarin, and 7-ethoxycoumarin were incubated 
with 50 uM nicotine in K27 human liver microsomes. 

Immunochemical inhibition studies. Immunoinhibition experiments 
consisted of incubating 0.5 mg/ml K27 liver microsomes with a CYP2A6 
monoclonal antibody (MAB-2A6) and a CYP2B1 (anti-rat CYP2B1) polyclonal 
10 antibody. Antibodies and microsomes were preincubated on ice for 30 
minutes followed by the addition of 100 uM nicotine, 1 mM NADPH, and 20 ul 
rat cytosol in 25 mM Tris-HCl buffer. Antibody concentrations were chosen 
based on immunoinhibition information provided by Gentest Corp. Figure 7 
shows the potency and specificity of the MAB-2A6 and anti-rat CYP2B1 for 
15 their respective enzymes. Gentest Corp. stated that MAB-2A6 inhibited over 
95% 2A6 activity, at 0.25 mg antibody /ug microsomal protein. They used 
coumarin hydroxylation as a measure of 2A6 activity. They also showed that 
anti-rat 2B1 cross-reacts with the human CYP2B6 enzyme to inhibit its activity. 
Western Blot Analysis. Liver microsomal proteins (30 ug) were resolved on 
20 10% SDS-PAGE gels, and transferred to nitrocellulose (120 volts, 18 hrs, at 
room temperature) by electroblotting (Western blotting) (Gucngerich et al., 
1982a). Blots were blocked for 1 hr at room temperature with 2% (wt/v) BSA 
dissolved in 150 mM Nad, 50 mM Tris-HCl, pH 7.4. -and .05% Tween 20 
(TBST). Incubations with primary and secondary antibodies were performed 
25 for 1 hr in TBST. The primary, and secondary antibodies consisted of the 
monoclonal CYP2A6 antibody (1/2000 dilution of 5 mg/ml stock; Gentest 
Corporation), and an anti-mouse IgG horseradish peroxidase conjugate (1/2000 
dilution; Amersham Corporation, Arlington Heights, H), respectively. After 
each incubation with primary and secondary antibodies, blots were washed 
30 three times with TBST for 10 minutes each. Blots were visualized using the 
chemlluminescent ECL reagent (Amersham Corporation). The densities of 
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the visualized bands were quantified using a MOD Imaging system (Imaging 
Co.). After determining the linearity of detection of CYP2A6 bands (Figure 8), 
a concentration of 30 ug of microsomal protein was used for each liver for 
comparisons. 

5 RESULTS 

CYP2A6 in nicotine metabolism 

Coumarin, a specific and selective CYP2A6 substrate significantly 
inhibited cotinine formation with a mean inhibition of S4 ± 11% (mean ± SD) 
(Figure 9 and 10). An apparent Ki value of -2.0 mM (n=3) was determined 
using K27 human liver microsomes. A sample Dixon plot is shown in Figure 
11. The competitive nature of this interaction was confirmed by performing 
Cornish-Bowden plots (Comish-Bowden, 1974). Coumarin, along with three 
analogs of coumarin, were incubated with 50 uM nicotine in K27 liver 
microsomes. The inhibition results and the rank order of potency for 

15 coumarin, 7-methylcoumarin, 7-methoxy coumarin, and 7-ethoxycoumarin 
are shown in Figure 12. Of the four compounds coumarin had the strongest 
inhibitory effect on cotinine formation. Immunoinhibition experiments were 
carried out using a specific monoclonal antibody raised against 2A6. Results 
showed an over 50% inhibition of cotinine formation when 0.5 ug MAB- 

20 2A6/ug microsomes was incubated with 100 uM nicotine (Figure 13). 
Immunoreactive CYP2A6 was measured in each of the 30 human liver 
microsomes The densities of each band were used to compare the relative 
amounts of CYP2A6 between livers (Figure 14). Band densities were 
standardized by dividing diem by the 30 ug L64 band density of their respective 

25 blots. This was done so that that individual band densities can be compared 
between blots. Western blot analysis was repeated at 3 and 10 ug amounts for 
livers that were outside the linear range, as determined by the L64 standard 
curves. A summary table of the values used in CYP2A6 and nicotine 
correlation studies is presented in Table 1. Using the band densities obtained 

30 from the Western blots, a strong correlation (r*0.90, n=30, p<0.001) was seen 
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bctween CYP2A6 levels and V OT1X values of cotinine formation (Figure 15). 
This r value decreases to 0.60 when the four high V max livers were removed 
from the correlation. A stronger correlation was seen when CYP2A6 
immunoactivity was plotted against the amount of cotinine inhibited in the 
5 presence of 150 \*M concentrations of coumarin (r=0.94, n=30, p<0.001) (Figure 
16). This r value decreases to 0.64 when the four high Vmax livers were 
removed. The V^/Km values which are listed in Table 1 provide an excellent 
measure for the efficiency of individual livers for metabolizing nicotine to 
cotinine. The higher the value the more efficient the liver. These Vtm/^n 
10 values were plotted against CYP2A6 immunoactivity which resulted in a 
strong correlation (r=0.94, n=30, p<0.001) (Figure 17). This correlation 
remained strong even when the four high livers were removed (r=0.84). 
CYP2B6 in nicotine metabolism. 

Orphenadrine, which is a CYP2B6 inhibitor, had some slight 
15 inhibition which was approximately 20 ± 16% (mean ± SD) (Figures 18 and 19). 
When antibodies raised against the rat CYP2B1 were included, a 30 % 
inhibition of cotinine formation was seen in the K27 human liver 
microsomes (Figure 20). Coumarin and orphenadrine were also used in 
combination and had an overall 92 ± 11% (mean ± SD) inhibition of cotinine 
20 formation (Figure 21). 

CYP3A4 in nicotine metabolism 

Troleandomycin, a specific CYP3A inhibitor, did not show any 
overall inhibition of cotinine formation. The mean inhibition was 3% of 
control cotinine formation, with a standard deviation of 11% (Figure 22). 
25 Discussion: 

Since the metabolism of nicotine to cotinine by CYP2D6 was 
concluded to be of minor importance the role of other cytochromes P450 was 
investigated. In particular, the importance of CYF2A6 and CYP2B6 was 
addressed since both these enzymes are variably expressed in humans, and 
30 have been shown to contain some nicotine oxidase activity (Flammang et al., 
1992; McCracken et al., 1992). 
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In the chemical inhibition studies cotinine pr duction was 
significantly inhibited after the additi n of coumarin, a specific CYP2A6 
substrate (Pearce ct al., 1992; Yamano et .1., 1990; Waxman et .1., 1985). 
Coumarin was Incubated in the presence of nicotine, across the 30 human 
5 livers. Results Indicated a universal inhibition of cotinine formation. 
Nicotine incubations in the presence of coumarin alone Inhibited cotinine 
formation by over 80%. and when orphenadrine was added this value 
increased to 91%. In particular, when coumarin and orphenadrine were used 
in combination. 23 of the 30 livers showed a greater than 90% inhibition of 
10 cotinine formation. Coumarin inhibition of nicotine metabolism was found 
to be competitive and quite potent with a Ki of -2.0 mM. Figure 12 
summarizes the effect of coumarin along with three analogs in inhibiting 
cotinine formation. The rank order of potency was coumarin > 7- 
methoxy coumarin > 7-mcthylcoumarin > 7-ethoxycoumarin. It is interesting 
15 to note that 7-ethoxycoumarin had a lesser effect of inhibiting nicotine 
metabolism than coumarin. since 7-cthoxycoumarin is a well known substrate 
for many human cytochrome P450 enzymes (i.e. CYPs 1A1, 1A2. 2A6. 2B6, 2C8. 
2C9, 2E1. and 3A4) (Waxman et aL. 1991). This suggests that nicotine and 
coumarin metabolisms are closely related. Immunochemical inhibition 
20 studies revealed that a monoclonal antibody raised against the human 
CYP2A6 inhibited cotinine formadon by 60%. CYP2A6 immunoactivity was 
also quite variable with a greater than 300 fold difference between U7 and L60 
human livers. It is interesting to note that no detectable -mount of this 
enzyme was found in the L32 liver sample, under these experimental 
23 conditions. Perhaps this individual carries variant mutant alleles for the 
CYP2A6 polymorphism. Western blot analysis revealed that nicotine 
metabolism was highly correlated to CYP2A6 levels. Nicotine to cotmme 
Vmax values correlated with CYP2A6 levels (r-0.90, p<0.001) across the 30 
human livers. Using the coumarin inhibition results, which can be used as a 
30 measure of relative CYP2A6 activity, an even stronger correlation was seen 
with immunoreactive CYP2A6 (r=0.94. p<0.00l). Also, CYP2A6 levels strongly 
combated with V^/Kn. values <r=0.94, n-30, rxO.001). 
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From the Information btained in example 1 it was shown that 
nicotine metabolism by the 30 human liver microsomes displayed large inter- 
individual variations. In particular, a 30 fold variati n was seen between the 
lowest and highest metabolic rates. It is interesting to note that the four livers 
5 with exceptionally high cotinine formation were all females. In vioo studies, 
however, show that nicotine metabolism is more rapid in men than women 
(Beckett et al., 1971; Benowitz et al., 1984). There was no correlation with 
respect to cotinine formation and age. The differences in cotinine formation 
may be explained by variable expression of the CYP2A6 enzyme. The same 
10 four individuals who had exceptionally high nicotine oxidase activity also had 
large amounts of the CYP2A6 enzyme. One possible explanation is that the 
four livers showing high rates of nicotine metabolism were exposed to 
environmental inducers (i.e. phenobarbital) which would increase levels of 
CYP2A6. In summary this study indicates that CYP2A6 is very important in 
15 the human liver metabolism of nicotine. 

With respect to CYP2B6, previous literature has shown that it is not 
constitutively expressed in human livers, and is likely induced by exposure to 
phenobarbital. One particular study has shown that detectable levels of this 
enzyme, as measured by Western blots, only occurred in 12 out of 50 livers 
20 (Mimura et al., 1993). In the present study orphenadrine and anti-rat 2B1 were 
used to investigate the importance of CYP2B6 in nicotine metabolism. 
Orphenadrine is an anti-parkinsonian agent which has been shown to form 
an inhibitory intermediate complex, in hepatic microsomes, only in 
phenobarbital induced microsomes (Reidy et al., 1989). Using 150 uM 
25 orphenadrine, in the chemical inhibition studies, resulted in an overall net 
inhibition of 20 ± 16% (mean ± SD). Antibodies raised against rat 2B1 has been 
shown to have affinity for the human CYP2B6 enzyme by Gen test Corp. They 
used similar concentrations of antibody to inhibit specific 266 mediated 
reactions. Previous cDNA work have shown that this enzyme has the highest 
30 known rate of nicotine oxidation (Flammang et al., 1992; McCracken et al., 
1992). Therefore in certain individuals, who are exposed to environmental 
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inducers such as phenobarbital, CYP2B6 may play an important role in 

nicotine metabolism. 

Trolandomydn, a substrate fox several CYP3A enzymes, was used to 
study CYP3AS role in nicotine metabolism. It was important to answer the 
5 CYP3A question since it is the most abundant CYP found in human liver 
(Shlmada et al, 1994). CYP3A expression is also induced by exposure to 
phenobarbital, hence It Is potentially a great source of variability in nicotine 
metabolism. Thus, the use of troleadomydn in the chemical inhibition 
studies behaved as a negative control. The results agree with previous studies 
10 that showed no involvement of the CYP3A subfamily in nicotine metabolism. 

CYP2A6 has been shown to play an important role in nicotine 
metabolism, thus variations in CYP2A6 expression may be directly responsible 
for the high inter-individual variation seen in cotinine formation. Genetic 
variation in CYF2A6, and variable CYP2B6 expression may contribute to the 3- 
15 fold variation observed in nicotine metabolism in human subjects (Bcnowitz 
et al.. 1982). Exposure to phenobarbital has been shown to have an inductive 
effect on nicotine metabolism by primarily increasing the expression of 
cytochrome P450 enzymes (Nakayama et aL. 1982; Hibberd et al., 1985; Foth et 
al, 1990; Seaton et aL. 1991; Seaton et al., 1993). Rat perfused livers, pretreated 
20 with phenobarbital, showed a 14-fold increase in nicotine elimination 
compared to saline treated controls (Rudell et aL, 1987). Human hepatocyte 
studies. In which individuals were pretreated with phenobarbital, showed 
higher than normal nicotine oxidation rates (Williams et al., 1990). One 
particular study showed that the primate CYP2A mediated activity increases 
25 with exposure to phenobarbital (Pearee et aL, 1992). The CYP2A and CYP2B 
gene subfamilies are closely linked on chromosome 19. Thus common factors 
may influence the expression of genes within these subfamilies in the human 
liver (Miles et aL, 1989, 1990; Forrester et al., 1992). This implies that, along 
with CYP2B6. human CYP2A6 expression may be affected by exposure to 
30 phenobarbitaL This, in turn, could affect the overall metabolism of nicotine 
from the body. Several studies have Indicated that smokers adjust their 
smoking behavior to try and regulate or maintain nicotine blood levels 
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(McMorrow ct al., 1983; Russel et al., 1987), Therefore rapid metabolizers of 
nicotine may smoke more cigarettes to maintain nicotine levels, and hence 
are exposed to more potentially toxic compounds. This can occur if 
individuals are exposed to phenobarbltal, which has been shown to increase 
5 CYPs 2A6 and 2B6 mediated reactions. Conversely, slower metabolizers of 
nicotine may smoke less cigarettes so that toxic doses of nicotine are not 
achieved, or else they might be at a higher risk for nicotine-related adverse 
effects. This might occur in individuate who contain the variant/inactive 
forms of CYF2A6. 

10 These studies have confirmed that CYP2A6 is important in nicotine 

metabolism, and that nicotine metabolism is quite variable among individual 
human liver microsomes. This variability may be a consequence of previous 
drug use, and in the case of CYP2A6 the presence of variant CYP2A6 alleles. 

Examples 

15 A study has been designed to determine (i) if coumarin metabolic 

pattern (recovery and ratios of free, 7-OH and conjugated 7-OH coumarin) 
reflects CYP2A6 genotype, independent of current smoking status, and 
nicotine (NIC) metabolism determined from smokers' blood and urine 
samples; (ii) if acute smoking affects coumarin metabolism in smokers; and 

20 (iii) if there are differences between male and females in the prediction of NIC 
metabolism from coumarin metabolism. 

Equal numbers of medication free, healthy males and females of any 
racial background currently tobacco dependent (n ■ 30 of each sex) and non- 
smoking (n * 30 of each sex) will be genotyped (CYP2A6) and will have a 

25 Coumarin Test on 2 separate days, once between 7:00 and 9:00 a.m. and once 
between 2:00 and 4:00 pjn. Smokers will be required to have the morning test 
after abstaining from smoking for at least 8 h (for example 8 ajn. before the 
first cigarette) and the afternoon test on a normal smoking day. Urine and 
plasma samples, which can be analyzed for NIC and cotinine (COT) (free and 
30 conjugated), will be taken prior to each Coumarin Test, along with breath 
carbon monoxide to determine smoke exposure. Coumarin and free and total 
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7-OH c umarin will be analyzed by HPLC using U.V. detection with 4-OH 
coumarin as an internal standard after Rauti et al 

Example 4 

. . n itf nf TP*** faMbBton on NIC PiywtllUm and Smok i n g 

Benowit* has used a 30-minute deuterium-labelled NlC-d2 infusion 
(with COT-d4) to study the kinetics and fractional clearance of NIC in smokers 
and non-smoker,. The kinetics of the deuterated NIC are very similar to 
unlabeled NIC. The advantage of the non-radioactive label is that the NIC-d2 
and resulting COT-d2 can be used as quantitative measures of NIC metabohsm 
in smoker, while smoking. This approach will be used to obtain a 
quantitative estimate of NIC to COT conversion by giving a dose of NIOdZ 
sufficient to detect in the urine, taking advantage of the fact that NIC and COT 
are found in much higher concentrations in urine th*» • plasma. In 
preuminary studies smokers infused with 2ug/kg/min x 30 minutes were 
found to have urine concentrations of NIC and COT that were >80 and 
>600n S /ml, respectively. Therefore it is estanated that as little a, 0.2 to 0.8 rng 
of NIG42 will result in quantifiable NIC-d2/COT-d2 in the urine. This would 
correspond to a 6 minute infusion of the 05 ug and 2.0 ug/kg/30 min 
infusions of BenowiU in non-smokers and smokers. Ratios of NlC-d2/COT- 
d2 in urine collected over 8 h, 'Nicotine-dZ Test", will provide a darect 
estimate of NIC to COT conversion. This procedure will be piloted to establish 
dose dose rate and analytic sensitivity. Plasma and urinary NIC. COT and 
trans-S'-hydroxycotinine and their glucuronides will be measured using a 
existing GC assay as modified in Dr. Jacob's lab (1988 protocol). Conjugates wul 
be determined after alkaline hydrolysis (NIC and COT) or hydrolysis with B- 
glucuronidase (3'-hydroxycotinine). The quantitation limit is 1 ng/ml NIC 
and 10 mg/ml COT, with detection 50% lower. Coefficients of variation range 
from 1.1 to 7.8% for NIC (1-100 ng/ml). NIC-dZ COM2 will be determined by 

GC-MS(Ul). , „ . ^»k,» 

The results of the experiments described in Example 2 mdxeate that 

CYP2A6 is the primary contributor to NIC disposition, with CYP2B6 important 
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in a few individuals (- 16%). Coumarin is a potent inhibitor of NIC 
metabolism to COT ex moo in human liver microsomes (Ki » 1.5uM), and 
orphenadrine is a potent inhibitor of human CYP2B6 (Ki « 3.8 uM), with an 
estimated half-life f about 14 h* Most smokers' NIC metabolism can be 

5 inhibited by coumarin, the remainder by an appropriate combination of 

coumarin and orphenadrine; and such inhibition will reduce smoking v*OS 
behaviour. ^J?? 

A study has been designed to determine the extent to which *~ 
combinations of inhibitors of CYP2A6 and CYP2B6 will modify NIC 

10 metabolism in vivo and smoking behaviour in a social controlled setting. 

CYP2A6 genotyped current tobacco dependent (DSM-IV) individuals r^*5 
(n » 6 wt/wt, n = 6 wt/mut) will have CYP2A6 activity assessed on six 
occasions by a "Coumarin Test* along with measurement of plasma NIC and 
COT. After familiarization with the inviting social setting study site, subjects 

15 will abstain from smoking until they arrive on each study day, when they will Y ^ 
provide a baseline urine (NIC/COT), a plasma sample (NIC/COT), and a ^v"* 
breath CO. They will receive, on separate days, all combinations of 3 coumarin 
conditions (placebo, 50 mg b.i.d. or 100 mg ba d.) with 2 orphenadrine 

conditions (placebo or 200 mg); the two combinations of two active drugs will £^ 
20 occur on days 5 and 6, after tolerance to the individual components has been 
verified on days 1-4 in a random, counterbalanced order. A great deal of work 
has been done to establish the relationship of number of cigarettes, NIC intake, 
smoke exposure and NIC and COT plasma (blood) concentrations and urinary 
excretion. The best correlations are obtained between blood NIC (4KW pjn., 
25 0.79), CO Hbg (0.67), urinary COT 24 h (0.62), blood COT (4.-00 p .m* 053). COT, i?r 
because of its longer half-life is less critically affected by sampling time and can JjS 
be used to estimate daily NIC intake. 30 minutes after study drug, a tracer dose jt^ 
of Nicotine-d2 Test 1 will be given. Subjects will then collect their urine for 3 & 
h ("Coumarin Test") and 4 h separately for determination of NIC-d23/COT-d2 
30 ratio (7 h) and coumarin and total and free 7-OH coumarin. Additional blood ft 
samples will be collected OS (coumarin/7-OH-coumarin), 3 and 7 h (NIC/COT) ^ 
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after the pulse U-iw dose commences. Breath CO will be determined at the 
„me times. During this period subjects will be permitted to smoke their 
usual brand ad lib, drink caffeinated beverages, play games, watch videos, etc 
The number f dgarettes used and residual butt weight recorded. 
5 Example S 

f a frmnV' ny «^«'*»« m It of CYP2A6 

Inhibition of metabolism of NIC to COT will allow smokers to 
maintain plasma NIC with less smoke exposure and reduce the secondary 
reinforcement of smoking behaviour as a component of eventual smoking 
10 cessation. Because NIC is the addictive agent in tobacco dependence and 
smokers regulate their brain NIC within a fairly narrow individual 
concentration band, selective inhibition of NIC conversion to COT should 
result in a decrease in smoke exposure (Le. -smokmg-)Some individuals may 
require different combinations of CYP2A6 and CYP2B6 inhibitors to achieve 
15 sufficient modification of NIC metabolism- 

A preliminary study has been designed to confirm the efficacy and 
safety of CYP2A6 inhibitors and the need for CYF2B6 inhibition in the 
reduction of smoking exposure and as an aid in smoking cessation. 

Male or female DSM-IV dependent tobacco users who want to stop 
20 smoking, who do not want NIC substitution treatment, have made at least 
three serious unsuccessful attempts to stop, have no medical contraindications 
to participation, and have CYF2A6 wt/wt or wt/mut genotype will be eligible 
to participate. Prior to the trial, susceptibility to CYP2A6 activity inhibition 
will be assessed by stable-labelled -Nicotine Test* after coumarin 50 or 100 mg 
25 bid. (Human Study C-l). to assess the change in the individud urinary NIC- 
d2/COT-d2 ratio. Based on the results of the study each subject will be 
assigned to a CYF2A6 inhibition -responders- or -poor responders- group. 
Therefore the study will be a comparison of placebo (n - 30) vs. coumarin (n - 
30) in CYP2A6 high inhibition responders and of coumarin (n - 7) vs. 
30 coumarin ♦ orphenadrine (n = 8) in CYF2A6 poor responders for 2 weeks. The 
coumarin doses may be 100 mg bid. and the orphenadrine 100 mg p.o. daily. 
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Tobacco sm king behaviour will be monit red by daily smoking Zt^U. 
diary cards, twice weekly home carbon monoxide breath sample collected in ???? 
remote CO exposure collection bags (mid-afternoon between 2:00 and 6:00 
p.m.)/ twice weekly salivary COT. Subjects will be given instructions with ^jir 
5 respect to the purpose of treatment, plus limited supportive counselling, plus 
structured self-help advice. Patients will be seen weekly between 2&0 and 6:00 
p jn. each day at which time plasma NIC/COT, break CO will be done. 

The primary dependent variables are measures of smoke exposure 
(diaries and CO measurements), averaged over the 2-week study; such a mean ^ 
10 is sensitive to both downward and leftward shifts of the consumption-over- 
time curve. These variables will be analyzed as a function of treatment within ~ 
high and poor responding groups separately. For two-group comparisons, • 
n=30 per group has approximately 97% power to detect a difference of 1 S.D. 
between their means. c>r 
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Example 6 5jS£ 
C-4 CYP2A6 Inhibition in Smoking Reduction and Cessation ^ 

Based upon studies such as outlined in Example 5, a double-blind 
trial to confirm the efficacy of CYP2A6 inhibition on smoking reduction and 
cessation will be carried out The drug choice and doses will be determined by ^_ , 

20 the studies as outlined in Example 5. A positive treatment control (e.g. NIC 
patch) will be tested. 

Patients identical to those participating in the previous study 
(Human Study C-3) will enter a double-blind placebo controlled randomized 
trial of smoking reduction and cessation to be achieved and maintained over ^ 
25 12 weeks comparing coumarin and placebo (n=60) per group. The assessment 

and procedures will be similar tot he study as outlined in Example 5. ^ 
However, those actually receiving the CYP2A6 inhibitor will receive active ^ 
drug for a 2-week period followed by a 2-wcek placebo period. This 4 week £^ 
on/off cycle will be repeated 3 times with a goal of cessation at the end of 12 Si 
30 weeks. CYF2A6 inhibition should decrease smoke exposure by decreasing the 
number of cigarettes or by altering smoking behaviour. Subjects will, at the 
end of each 'active* drug/placebo 2-week phase, be told to m.vntain their 
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tower sm king behavi ur for 2 weeks. This 2-week period is one of 
behavioral change. The inhibitor-placebo cycle will be repeated. Subjects win 
be seen weekly at which time their self-report sm king logs will be reviewed 
along with their progress (minimal adjunctive care). After the trial, subjects 
will be contacted at 3. 6 and 12 months and provide at least a salivary COT to 
determine maintenance of quit rates. Breath CO. salivary, plasma NIC/COT 
will be determined. Established criteria for cessation will be used. 

Having illustrated and described the principles of the invention in a 
preferred embodiment, it should be appreciated to those skilled in the art that 
me invention can be modified in arrangement and detail without departure 
from such principles. We claim all modifications coming within the scope of 

the following claims. 

All publications, patents and patent applications referred to herein 
are incorporated by reference in their entirety to the same extent as if each 
individual publication, patent or patent application was specifically and 
individually indicated to be incorporated by reference in its entirety. 

Below full citations are set out for the references referred to in the 
specification. 
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20 Yun CH, Shimada T and Guengerich FP: Purification and characterization of 
human liver microsomal cytochrome P-450 2A6. Molecular Pharmacology. 
40(5): 679-85 (1991). 
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yfp f*T ATM: 

1. A method f regulating nicotine metabolism in en individu.l 
comprising selectively inhibiting CYP2A6. 

2. A method m claimed in claim 1 wherein CYP2A6 is selectively 
5 inhibited using one or more of the following (i) substances which inhibit 

CYP2A6 activity; or (U) substances which inhibit transcription and/or 
translation of the gene encoding CYF2A6. 

3. A method of screening for a substance that regulates nicotine 
metabolism to cotinine in an individual comprising assaying for a substance 

10 which (i) selectively inhibits CYP2A6 activity, or (ii) selectively inhibit, 
transcription and/or translation of the gene encoding CYP2A6. 

4. A pharmaceutical composition for use in treating a condition 
requiring regulation of nicotine metabolism to cotinine comprising an 

15 effective amount of a compound which selectively inhibits CYP2A6, and a 
pharmaceutical^ acceptable carrier, diluent, or exciplcnt 

5. A method for treating a condition requiring regulation of nicotine 
metabolism to cotinine in an individual comprising administering to the 
subject an effective amount of a compound which selectively inhibits CYP2A6. 

20 6. The method as claimed in claim 5 wherein the condition is 

dependent or non-dependent tobacco use 

7. A method for enhancing inhibition of nicotine metabolism by a 

CYP2A6 inhibitor in an individual comprising administering to the 
individual an effective amount of a substance wluch selectively inhibits 
25 CYP2A6. and an effective amount of an inhibitor of CFY2B6. 
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8. A pharmaceutical compositi n for use in treating a condition 
requiring regulation of nic tine metabolism to cotinine c mprising an 
effective am unt of a substance which selectively inhibits CYP2A6, an 
effective amount of an inhibit r of CFY2B6, and/ r a pharmaceutical^ 
acceptable carrier, diluent or exdpient 

9. A method for treating a condition requiring regulation of nicotine 
metabolism to cotinine in an individual comprising administering to the 
individual an effective amount of a substance which selectively inhibits 
CYP2A6, and an effective amount of an inhibitor of CFY2B6. 
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LOCUS 

DEFINITION 

ACCESSION 

HID 

KEYWORDS 
SOURCE 
ORGANISM 



REFERENCE 
AUTHORS 



TITLE 

JOURNAL 
HEDLINE 
REFERENCE 
AUTHORS 
TITLE 
JOURNAL 

FEATURES 

source 



5'UTR 
COS 



HSU22027 7215 bp ONA P*t 22-0CT-1995 

Human cytochrome P450 (CYP2A6V2) gen*. eompleca eda. 
U22027 
O10O8461 

human. 

Hoax> sap lens 

Sukaryotee; mitochondrial aukaryotes; Ketazoa; Chordata; 
Vertebrate) Butheria; Primates; Catarrhlnii Hominidae; Revo. 

1 (bases 1 to 721S) 

Femandtt-SalTuoro.P., Kof fman. S.M. , Choi «r ton. $. , Mohrenweieer . H. . 
Raunio.H., Rautio.A. . Pelkonen,0.. Huang, J. D. , Evans, W.E., 
IdU.J.R. et.al. 

A genetic polymorphism in coumarin 7-hydro*ylation: sequence of the 
huffAn CYP2A genes and identification of variant CYP2A6 alleles 
Am. J. Hum. Genet. 57 (3). 651-660 (1995) 
95397851 

2 (bases 1 to 7215) 
Fernandez-Salguoro, P. 
Direct Submission 

Submitted (01-KAR-1995) Pedro Fernandez- Sal guero. Rational 
Institutes of Health, 9000 Rockville Pike, Bethesde, KD 2C894. USA 
Location /Qualifiers 
1. -7215 

/organism* "Homo sapiens" 
782. .790 

3oin<791. .970,1237. .1399.2115. . 2264 , 2499 . .2659, 3207 . .3383. 
4257. .4398.4873. .5060, 5S77. .5718,6308. .6489) 
/gene-CYP2A6V2- 
/ codoiv»» tart«l 
/produce -cytochrome P450* 
/db xref«PID:gl008462* 

/ trans lacion»KIASC^LVALI>CLTVMVLMSVWQQRXSKGItLPPGPTPLPriC 
KYLQLNTECMYNSLKJCI SERYGPVFTIHI-GPRKVWI^KDAVREALVD^^ 
EQATFWVFlWJYGVWSNGERAXQIXRFAIATL^ 

RSTKGAN I DPTFFLSRTVSNVT SS TVFGDRFOTKDKEPLSLLRMK^G I FQFTSTSTGQ 
LYEXFSSVKXKLPGPO^OAFQLLOGLEOFZAXKV^HMQRTLDPffSPRDPIDSPLIRHO 
EEEKNPNTEFYLJOtfLKHSTUII^XAOTETVST^L^ 
ICFOTQPKFEIttAJWPYMEAVIHEIQRFCDVIPMSIJkRRV^ 
PKLGSVLJU}LRFFSNPRCFNPQK7LCVJ^GQFKXR2AFVPPSXR30XNCF<?TO 
LPFTTVMQNFRLKSSQSPKDICVSPIWVCFATIPRKrrHSFLPR 
791. .970 
/gon«-CYP2A6V2* 
/ number- 1 
1237. .1399 
/gene-CYP3A6V2» 
/number =2 
2115.. 2264 
/gone«CYP2A«V2 # 
/ number »3 
2499.-2659 
/gene»CYP2A6V2" 
/number* 4 
3207.. 3383 
/gene*CYP2A6V2* 
/number*5 
4257. .4398 
/gene-CYP2A«V2" 
/number* 6 
4873.. 5060 
/gene-CYP2A6V2- 
/number* 7 
5577.. 5718 
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/gena-CYP2A6V2* 
/numb«r»8 
exon 6306.. 6489 

/gana-CY?2A6V3" 
/number** 
3-UTR 6490.. 6744 

BASE COUNT 1646 a 2196 € 1746 g 1627 t 

ORIGIN 

1 aagtteecet gaaatatggc tctggtcttc Cteccctcge caacgaagaa gaeggcagtg 
61 gaggttctat ggcagccate ctggcctcac tccgaggtte eaatgaggac cccgggcace 
121 aagagacagc tctgggcaaa gctaaaeeaa gtcagcecet ggaeeeagtg etgggctgct 
181 gggctttctg ggagaacgcc gctgggcttg ccacacacce ctccccccag aaactccaea 
241 eecacagcce tgggtcttce tagcccegag accttcaagt ecaeatgccc ggaatcccee 
301 ttcctgagae ccttaaccct gcateetcca eaaeagaaga eecctaaaeg cacagecaca 
361 ctttgtctta ccctaataaa acccagacee ttggattcct cccecctgga acecc-agat 
421 ccgeaeaact ttggggtgea ttctcactct cagaccccaa atccaaagcc caagcgctec 
481 cctatgcaaa tattccaaac tccteagttc taeagcttat etgttgccee ctcccaaatc 
541 cacagecctg cggcaceect cctgaagtac caeagattta gtctggaggc eccctetetg 
601 ttcagctgcc ctggggteee cecatcctcc ettgctggee gtgteecaag ctaggcagga 
_ 661 ttcatggtgg ggcatgtagt tgggaggtga aatgaggtaa ttatgtaaee agccaaagtc 
721 caeecctctt ttteaggcag tataaaggca aaccacceca gccgtcacca tctaccatcc 
781 ctctaccacc atgctggcet cagggatgct tccggtggcc ttgctggcct gcctgactgt 
841 gatggtcttg atgtctgtte ggcagcagag gaagageaag gggaagctgc cceegggacc 
901 cacceeattg ecccteattg gaaaetacct geagctgaac acagagcaga tgtaeaactc 
961 cetcatgaag gtgteccaag aeagggagat gggtgtcecg gggtggggge tgcccagttg 
1021 gctggggett tgtggcaggg ggtcgaeeag tgtggaecag agccetagga aatggagttt 
1081 tggagcctca gcaccagaaa gaeaggatct tgggatgtcc agctccccga ctgtgagaac 
1141 ctgggtgcga agcatcccag cacatgacat ctcggtgctg ggccecattc agagtggagg 
1201 gtcetecctc taaccactcc eaeecaccte catca?a?ca gtgagcgcr* rggccccgtg 
1261 tteaecarte acttggggee ccggcgggtc gtggtgctgt gtggacatga cgccgtcagg 
1321 gaggctctgg cggaccaggc tgaggagttc agcgggcgag gcgagcaagc eaccteegac 
1381 tgggtcctca aaggctatgg tgcccaagag ggggaaggtg ggeaggtgga caegaaggcc 
1441 tcagtgetec cagccctetc cctgactctc ccgaeaactg gaggataagg gagagtccce 
1501 agtccggtet tccctceeca tetccetaca ttggggeetc teeatgtgta tecctcacct 
1561 gtctccagcg gccctgtect gattcctcec tgcetctetc tgceeeacct eeteattctc 
1621 tcccactgga gccccctctt tcccctctct ctccatctct aaggacatcc tgggtttctg 
1631 tttaccagce ctgggtctct gtctacatga gtcttcgagg ccctcetagc tcctgggctt 
1741 ctctgggttt ctcateeete cggatccetc cetcaactct tcctctgtct Caggacgcca 
1801 gggttattcc tacttccaca tcttcaggct ccatctcctg gtaacagtet cccccccttc 
1861 cagaccctct etgt-ttctat etcaatatta aactctctgc tccagctcag cttaagaatc 
1921 tcacaceaag agaggatgtc cteeacccag atctccccat atctcactae cccaccctcc 
1981 atcctctgee cecatcacee tctttcccte cccaetgccc tgcggacgcg acccaatgga 
2041 gtgcggagct aacgccgtga agctatgtgc atctctctge etggccgtac ctgggcaata 
2101 acr.t-.gnrroA ctaggcgtog tattcagoaa oggggaaeg« geeaa^cAyu t-««tgcgccc 
2161 tgccaccgcc accctgaggg actteggggt gggeaagcga ggcatcgagg agcgcaccca 
2221 ggaggagtcg ggcttcctca ecgaggccat ccggagcacg cacggtgagc aggggaeccc 
2281 gagtgcgggg gcaggagaag gaaaaeaccc aggacgagga aeccgcgcgc gttctgcctg 
2341 gggacgggga ccaggtgggg aaaggcgcee gcacccceag ccctggagtc cggcgctggg 
2401 aatttggctc aacaaggccc tgcctcctgg aattctgacc eccctcagac ctccgagttg 
2461 actctctccc caaccccctc ctcecgacat acccggaggc gccaatatcg aeeccacccc 
2521 cttcctgagc cgcacagcct ccaacgrcat cagccccatt grctttgggg acegcrttg* 
2581 ccataaggac aaagagttcc tgccactgtt gcgcatgatg ctaggaacec tccagceeac 
2641 gtcaacctcc acggggcagg taatggttgc agcccggcce gtgaaggecc tcaceaaaac 
2701 cggcaaatcg tccccccace gggggaaggg ggccceaaac tcccaccgcc ccccggacag 
2761 egtcccctca aaatcagtec ccgatceggg caaattggca gagtggaacc agacccgggt 
2821 tggttgtcca atcccctgcb ccccagggac accgggacag cacaacagat gctccccaaa 
2881 acagagcctg ctggcaggat gcatacccte agctcagctc ccteaecccg ggcacgcgcc 
2941 cccaccccca actcaccggt aatttctaae agatgccccc cacccaggcc ttctcgaata 
3001 ttteaacacc cggaaacccc gggtacccaa ccttccccgt aaaccttaga gactagttce 
3061 tatecggccc ccctgaaaca cctaaccacc ggagaceaga tgcetttaac ccagttcccc 
3121 ccttgccacg aaacaaatcc cattcccatc agctcctgcc ccgcgacagc tgcccttccc 
3181 ctcccatcct ctctctgcaa ccccagctct atgagatgtt cccttcggtg atgaaaeace 
3241 tgccaggacc gcagcaacag gccccteagC cgctgcaagg gctggaggae ttcaeagcca 
3301 agaaggtgga geaeaaccag egcacgctgg atcceaattc cccacgggac c&caccgacc 
3361 cctttcccat ccgcatgcag gaggtacacc ccagcagcca ctgcggggag acgcaaagcc 
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3421 
3481 
3541 
3601 
Wl 
3721 
3781 
3841 
3901 
3961 
4021 
4081 
4141 
4201 
4261 
4321 
4381 
4441 
4501 
4561 
4621 
4681 
4741 
4801 
4861 
4921 
4981 
5041 
5101 
5161 
5221 
5281 
5341 
5401 
5461 
5521 
5531 
5641 
5701 
5761 
5621 
5681 
5941 
6001 
6061 
6121 
6181 
6241 
6301 
6361 
6421 
£481 
6541 
6601 
6661 
6721 
6781 
6841 
6901 
6961 
7021 
7081 
7141 
7201 



aggcagaggg 

•CCCtCAtCO 

agcaetttgg 
gccaaeatgg 
e?aa«wvvv 
cagaacgagg 

atggtcatgc 
gcteaggagt 
aaaaaacaaa 

taaegaaggt 
tectagagcg 
aagagaggtc 
cctcttgacc 
tggcgccctg 
agaagaaccc 
Ccattgcagg 
agcacceaga 
aaaatteecc 
gcgacttget 
agacattaaa 
ctgagtgecc 
gtgactcegg 
tgttctgita 
ttgcctatcc 
ctccccccee 
ecaagtttga 
gatteggaga 
gggatttctt 
cccctctctg 
ccctcaatca 
aeaetcctga 
ccaaacttce 
cagaaatccc 
cttcctgttt 
ttcccatgcc 
accctcaaea 
tagaagtgtt 
gggacttcaa 
ttgcgecctt 
gcaggggcct 
ggcaagtecc 
gcacceagta 
gggaaaacca 
cetcagcatc 

ggggga*ggg 

ttggtcacct 
ttaaagtcte 
tcggtactgg 
Ccctcaggaa 
ttcaccaccg 
gigtccceca 
ccccgetgag 
ggecaagace 
aaggggcgtg 
ggtgcccccg 
ataatagcag 
tgcacgccca 
acgtgacaaa 
gaaaacetgc 
cattcceeac 
gagttcccca 
ccacecaetc 
cactgtagee 
teagtccatt 



aaatcagcct 
taataatect 
gaggecoagg 
tcaaaeeccg 
c-«gaggrcgc 
eectgtgtca 
gcatgtgcag 
tggcgtecgg 
aaaaaagctg 
gagaaggaag 
agtccggtag 
gagggtgctg 
eecattggtc 
eggtcaagca 
caacacggag 
caccgagaeg 
ggtggagggc 
CCcgactggt 
gcccagagae 
atoxegaaaa 
actgcccgtt 
cacaacctgg 
tgaatgceet 
ggactatcat 
agccaaggtc 
ggaccgggcc 
cgtgatcccc 
cctceccaag 
tgtccccagc 
gtcaaaaaag 
gccctgeate 
tatcttaaga 
aggteeccca 
cagagatgtg 
tgccaecece 
ateceecaac 
ccetatgttg 
tecccagcac 
ceccatcagc 
cccccaccca 
tgttagcaat 
cctgrgccca 
aaggccagag 
cccaaaaagg 
ggatcttaaa 
tccgggtcac 
tcagggccat 
ggcgaggccg 
agcggaactg 
tcatgcagaa 
aacacgtggg 
cgagggetgL 
gggcttggga 
gcggctagag 
agctgggatg 
ctectatttc 
cctaatttgc 
aetgaggett 
gaacacagat 
gcaaaacagc 
gagacccggg 
aacaegctgt 
cattcagagt 
aacaa 



gggagtgggg 
caeaattgge 
caggngg»re 
tctctactaa 
Mcgageeaa 
aaaaaaatta 
ctccagctac 
ectgtgcaac 
•cagctaagt 
agcattgggg 
gatctagggc 
ggattgcgcc 
tgaacctaag 
ggagtgaggt 
Ctctacctga 
gteagcacca 
•aggetggag 
geaatgtcee 
agggcaacac 
tgtctgcact 
ccaccgggcc 
ttaaeaggac 
acttccgxct 
teectgctct 
catgaggaga 
aagatgecct 
atgagcttgg 
gcgctatccg 
accccaeeca 
acteccecaa 
tctecagact 
aacagaagec 
aactcctgce 
aacettctat 
cctcaccggg 
ccgceccatc 
ggctccgtgc 
ttcctgggtg 
aagagaccac 
gttcccctct 
ctaccgccga 
ggcaaaagga 
agaatcagag 
agatgacggc 
cctcccattg 
tcaaggaaae 
atattceacc 
caccgagagt 
tttcggagaa 
cttccgccte 
ctttgceaeg 
gccggtgaag 
gaggggcgca 
ggaagagaag 
agaggaagga 
ctgagcacgc 
cacaaaacec 
agaaagttgt 
ctgtgeecae 
ttagcataga 
gggtggtcgc 
gaccacccgg 
cagcccaggg 



caggcagacg 
tgggtgeegc 
acetgaggtc 
aaatceaaaa 
gatcacggca 
atcacttgtc 
tcaggaggct 
ttagcaagac 
tgataattga 
gcaacgccag 
ceccettete 
agaetcgage 
agtggaagat 
tgtcctaaag 
agaacctgat 
ccctgcacta 

gggg«cggaa 
cacctgtccc 
tcagctggra 
gattggeeag 
accccctaag 
cctactccaa 
cacaggcgga 
gagaccccta 
ttgacagagt 
acatggagge 
eccgcagagt 
cccecaccee 
eattagaagc 
ecaecacate 
cttcgcgtca 
ccetctccac 
cagaaggaca 
cccccaaggs 
gcaccctagt 
acacacacct 
tga?agacct 
agaaggggca 
c-gtttggegc 
ctgccgegta 
gccaccaggc 
aaggaaacat 
atccacccce 
acagcaggcc 
cggacacctg 
cgaggtcaag 
ettcctccct 
gggcctcace 
ggcccggcca 
aagtectcee 
atcccaegaa 
gtccggtggg 
gctaagaecg 
aaacagaagc 
aacccttaca 
acccccgtgt 
cccccgaagg 
ctctgacgcc 
agccceccag 
atcaeatggc 
cetgccttca 
gtgtaatctg 
acacaacgag 



aeaeaggecc 
ggctaacage 
aggagxtcv^ 
atcaatta<jg 
ctgeactcea 
taaaaegtaa 
gaggctggag 
caagtcagca 
cggaeagatg 
gagtcagggc 
eacccegcgg 
ctgtgtagat 
ceatggggtg 
ccccccetcc 
gacgagcacg 
tggctcecta 
gcggagggcc 
agateecggg 
ggcaccagct 
teacteetgt 
ctcecccctg 
caacgcgaat 
ggcatcccat 
gacacccaaa 
gatcggcaag 
agtgatccac 
eaaaaaggac 
ccagactacg 
Cttctagacc 
cgceecaccc 
Cgagaatcaa 
tcggcctcet 
cggaccceat 
ccteccccag 
tcecccccca 
tcctcccccc 
caggttecte 
gtttaagaag 
caggctcact 
gcctagcact 
gacaetcccc 
catacccett 
ctagggtcae 
acaectggga 
gc* teg a tea 
gagggtcaag 
gggagagccg 
tccacccccc 
gaatggagcc 
agceacctaa 
aetacaeeac 
eggggecagg 
ggggcaggac 
ggcccagtce 
ccacgccacg 
caeccccgtt 
ggcgtteatg 
tcacaoaaca 
acagattcct 
ccgaacatec 
eegcaeacat 
cgettgetae 
acacgactgg 



•tteaaacca 

ctgtaacece 
gaceagcccg 

gtccgggtga 
gtgagecege 
gacegctcga 
taagaaaaaa 

gtcagcaagg 
aagggccggt 
ecttgcccca 
cctggggccc 
aacccccaga 
etccaggagg 
Ctgaacctcc 
ctgcccatga 
ccagaccccc 
accccgagac 
gagtcteatt 
cccaagccca 
tgcccccccc 
gggtgacgtc 
ccacccca&c 
cacattcccc 
aaccggcagc 
gagacccaaa 
aecaagtttc 
gggaetccag 
ctgtcccacc 
tcccacccag 
acaeaegtte 
gecataggga 
gtctcceaaa 
aggtccccaa 
gcccecgcgt 
eeccagggv . 
tccaaccccc 
cgtgatt .:tt 
acceacacca 
tccccagctt 
taactaccaa 
CCagaggcgg 
acaggagace 
gcccctacct 
accccatctt 
aggctcccic 
cagctggagg 
ccgectctcc 
€tttetcttc 
ggaeatcgac 
gagcttcctg 
gaaagggeag 
ggeggaaagg 
accttgacaa 
aagagcagca 
caaaaaccac 
cccattttac 
taagtgccc* 
aaaaagcacc 
CCgtccgggg 
gcccacactc 
cagataagge 
acatacaggg 
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SOURCE 
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REFERENCE 
AUTHORS 
TITJ,E 
JOURNAL 



REFERENCE 
AUTHORS 
TITLE 

JOURNAL 
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COMMENT 



FEATURES 

source 



PRI 



29-MAY-1993 



mise_feature 
mi sc.. feature 
misc_f eature 
misc.feature 
misc.feature 
mise_feature 
mi9C„.feature 
mise_foature 



HSP452B6 1415 bp RNA 

Human mRNA for cytochrome P- 4501 186. 
X13494 
035306 

cytochrome; cytochrome P450IXB4. 
human. 

Homo so, lone 

Eukaryo.ae; mitochondrial eukaryotes; Metacoa; Chordata; 
Vertebrate; Eutherie; Primates; Catarrhini; Homlnidae; Homo. 

1 (bases 1 to 1415) 
Miles, J. S. 

Direct submission 

Submitted (10-NOV-1989) Hilea J.S.. Imperial Cancer Research Fund, 
Lab Of Molecular Pharmacology and Drug Metabolism, Hugh Robson 
Building, George Square, Edinburgh, EH 8 9XD 

2 (bases 1 to 1415) 

Miles, J. S., McLaren, A.M. and Wolf, C.R. 

Alternative splicing in the human cytochrome P450XXB6 gene 
generates a high level of aberrant messages 
Nucleic Acids Res. 17 (20), 8241-8255 (1989) 
90045947 

The sequence is a compilation of genomic and cDKA clones, "map: 

chromosomal location-l9ql2-13 .2; 

Data kindly reviewed (13-N0V-1989) by Miles J.S. 

Location/ Qualifiers 

1-.1415 

/organisms* Homo sapiens* 



BASE COUNT 
ORIGIN 

1 



9.. 110 

/note*exon 1, partial" 
111. .273 
/note-exon 2" 
274. .433 
/note-exon 3* 
424. .584 
/note«exon 4* 
585. .761 
/note»exon 5" 
762. .903 
/note-exon €" 
904. .1091 
/note»exon 7* 
1092.. 1233 
/nete*exon 8" 
1234. .1415 

/note*axon 9, coding region* 
341 a 430 c 328 g 316 t 



gaattccgec ctgcacccat gaccgcctcc caccagggcc ccgccctctg ccccttttgg 
61 gaaaccttct gcagatggat agaagaggee tactcaaatc ctttctga'gg ttccgagaga 
121 aatatgggga cgtcttcacg gtacacctgg gacccaggcc cgtggtcatg ctgtgtggag 
tagaggecat aegggaggee cttgtggaca aggctgaggc cttctctggc eggggaaaaa 
tcgccatggt cgacccattc ttceggggat atggtgtgat etttgecaat ggaaaccget 
ggaaggtgct teggegatte tctgtgacca cratgaggga ettegggatg ggaaagcgga 
361 gtgtggagga gcggattcag gaggaggcte agtgter.gat agaggegctt eggaaatcca 
421 agggggcect catggaccec accttcctct tccagtccat taccgccaac ateatctget 
481 ccategtctt tggaaaacga ttccactacc aagatcaaga gttcctgaag atgetgaact 
541 tgttctacca gactttttca etcatcagct ctgtattcgg ccagetgttt gagctcttct 
601 ctggcttctt gaaatactrt cctggggeac acaggcaagt ttacaaaaac ctgcaggaaa 
661 teaatgetta cattggccac agtgtggaga agcaccgtga aaccctggac cccagcgccc 
721 ccaaggacct catcgacacc tacctgctcc acatggaaaa agagaaatcc aacgcacaca 
781 gtgaattcag ccaccagaac Ctcaacctca acacgctctc gctcttcttt gctggcactg 
agaccaccag caccactctc cgctacggct tec tgc teat gctcaaatac cctcatgttg 



181 
241 
301 



841 



901 cagagagagt ctacagggag attgaacagg tgattggecc acatcgccct ccagagcttc 
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FI GURE 2B CONrP 



Ml atgacegagc 
1031 accttctccc 
10 II tcatecccaa 
1141 aetctgaaaa 
1201 aaaaqactga 
12(1 tegcccgagc 
1321 gccccgtggc 
1381 cceeaaeata 



c«a?« tgeea 
catgggtgtg 
ggacacagaa 
•cc^9«egec 
tgcttttatc 

ggaattgttc 
cccagaagac 
ecagaeccge 



taeacagagg 

eeceacattg 
gearttctca 
ttcaaic:£« 

ctcttettea 
accgatctga 

ttcctgccco 



eagteatcta 
teacccaaca 
tectgagcae 
•ccactttct 
eaaggaageg 
ccaecatcc : 
caccccagga 
gctga 



tgcgatteag 
caecagecee 
egctcteeat 
ggatgccaat 
gattigtott 
ccagaactce 
gtgtggcgtg 



agattttceg 
egagggtaca 
gacecacact 
ggcvgcaccga 
ggagaaggea 
teeatggcea 
ggcaaaatae 
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[ucj] of microsome protein 
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